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(54) POWER GENERATION SYSTEM AND OPERATING METHOD THEREFOR

(57) A power generation system includes: a fuel cell
(11); a casing (12) accommodating the fuel cell (11); a
controller (102); a supply and exhaust mechanism (104)
including an exhaust passage (70) and an air supply pas-
sage (78); and a damage detector, provided in at least
one of the supply and exhaust mechanism (104) and the
casing (12), configured to detect damage to the exhaust
passage (70). The controller (102) performs control to
stop operation of the power generation system when the
damage detector detects damage to the exhaust pas-
sage (70).
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Description
Technical Field

[0001] The present invention relates to a power gen-
eration system configured to supply heat and electricity
and an operation method thereof The present invention
particularly relates to the structure of the power genera-
tion system.

Background Art

[0002] A co-generation system is a system configured
to: generate and supply electric power to a consumer,
thereby providing a power load to the consumer; and
recover and store exhaust heat that is generated when
generating the electric power, thereby providing a hot
water load to the consumer. As one of such co-generation
systems, there is a known co-generation system in which
a fuel cell and a water heater are operated by using the
same fuel (see Patent Literature 1, for example). Patent
Literature 1 discloses a co-generation system which in-
cludes: afuel cell; a heat exchanger configured to recover
heat that is generated when the fuel cell operates; a hot
water tank configured to store water that is heated while
the water circulates through the heat exchanger; and a
water heater having a function of heating the water that
flows out of the hot water tank to a predetermined tem-
perature. The fuel cell and the water heater are config-
ured to operate by using the same fuel.

[0003] Moreover, there is a known fuel cell power gen-
erator that is intended to realize its easy indoor installa-
tion and to simplify supply and exhaust ducts (see Patent
Literature 2, for example). The fuel cell power generator
disclosed in Patent Literature 3 includes an intake and
exhaust apparatus with a double-pipe duct structure in
which an inner pipe and an outer pipe are integrally con-
nected, the inner pipe serving to release exhaust air to
the outside and the outer pipe serving to introduce air
from the outside.

[0004] Furthermore, there is a known power generator
that includes a vertical duct for the purpose of improving
the performance of discharging an exhaust gas generat-
ed by a fuel cell disposed inside a building (see Patent
Literature 3, for example). In the power generator dis-
closedin Patent Literature 3, the top end of the duct which
extends vertically inside the building is positioned outside
the building, and the duct has a double-pipe structure. A
ventilation pipe and an exhaust pipe are connected to
the duct, such that each of the exhaust gas and air sep-
arately flows through a corresponding one of the inner
side and the outer side of the duct.

Citation List
Patent Literature

[0005]
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PTL 1: Japanese Laid-Open Patent Application Pub-
lication No. 2007-248009
PTL 2: Japanese Laid-Open Patent Application Pub-
lication No. 2006-253020
PTL 3: Japanese Laid-Open Patent Application Pub-
lication No. 2008-210631

Summary of Invention
Technical Problem

[0006] Ineach powergenerator disclosed in Patent Lit-
erature 2 and Patent Literature 3, if the power generator
is operated when the piping (inner pipe, duct) through
which the exhaust gas from the power generator is dis-
charged becomes damaged, then it becomes difficult for
the exhaust gas from the power generator, such as a flue
gas generated by a burner, to be discharged to the out-
side of the building. Thus, there arises a problem that the
exhaust gas flows reversely into an outer container ac-
commodating the power generator. As a result of the re-
verse flow of the exhaust gas, the exhaust gas, which is
a high-temperature gas, remains in the outer container.
This causes an increase in the internal temperature of
the outer container. For this reason, the temperature of
accessory devices accommodated in the outer container
(e.g., a controller) cannot be maintained to such a tem-
perature as to allow themto operate normally. Thus, there
is a risk that the efficiency of the accessory devices de-
creases.

[0007] In such a power generator as disclosed in Pat-
ent Literature 3, that is, in a power generator that is con-
figured to discharge an exhaust gas generated by a fuel
cell to the outside of a building through an exhaust gas
duct and is configured to be supplied with air indoors, if
the power generator is operated when the exhaust gas
ductis damaged, then it becomes difficult for the exhaust
gas from the power generator, such as a flue gas gen-
erated by a burner, to be discharged to the outside of the
building. Thus, there arises a problem that exhaust gas
leakage occurs indoors. As a result, there is a risk that
the indoor temperature increases.

[0008] The present invention has been made in view
of the above problems. A first object of the present in-
vention is to provide a power generation system and its
operation method, which are capable of suppressing an
increase inthe internal temperature of a casing and there-
by suppressing a decrease in the efficiency of accessory
devices accommodated in the casing, by stopping the
operation of the power generation system when an ex-
haust passage through which an exhaust gas discharged
from the power generation system flows becomes dam-
aged. A second object of the present invention is to pro-
vide a power generation system including an indoor ex-
haust passage and its operation method, which are ca-
pable of suppressing exhaust gas leakage indoors in a
case, for example, where an exhaust passage becomes
damaged.
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Solution to Problem

[0009] In order to solve the above-described conven-
tional problems, a power generation system according
to the present invention includes a fuel cell system in-
cluding a fuel cell configured to generate electric power
by using a fuel gas and an oxidizing gas, and the power
generation system further includes: a casing accommo-
dating the fuel cell; a supply and exhaust mechanism
including an exhaust passage configured to discharge
an exhaust gas from the power generation system to out-
side of the casing, and an air supply passage configured
to supply air to the power generation system; a damage
detector, provided in at least one of the supply and ex-
haust mechanism and the casing, configured to detect
damage to the exhaust passage; and a controller. If the
controller detects damage to the exhaust passage based
on information obtained from the damage detector, the
controller performs control to stop operation of the power
generation system.

[0010] Here,to"stop operation of the power generation
system" refers not only to stopping the currently operating
power generation system but also to prohibiting the pow-
er generation system from starting operating. Moreover,
prohibiting the power generation system from operating
does not mean it is necessary to prohibit the operation
of all of the component devices of the power generation
system, but means prohibiting the operation of some of
the component devices of the power generation system
so that the operational advantages of the present inven-
tion can be exerted.

[0011] Accordingly, in a case, for example, where the
exhaust passage becomes damaged, an increase in the
internal temperature of the casing is suppressed and
thereby a decrease in the efficiency of accessory devices
accommodated in the casing can be suppressed. More-
over, in a case where the exhaust passage is disposed
indoors and the exhaust passage becomes damaged,
exhaust gas leakage indoors from the power generation
system can be suppressed.

[0012] Further, in the power generation system ac-
cording to the present invention, the damage detector
may detect presence of at least one of the following phe-
nomena: a change in pressure; a change in temperature;
a change in gas composition; and detection of a com-
bustible gas.

[0013] Still further, in the power generation system ac-
cording to the presentinvention, the fuel cell system may
further include a hydrogen generation apparatus includ-
ing: a reformer configured to generate a hydrogen-con-
taining fuel gas from a raw material and water; and a
combustor configured to heat the reformer.

[0014] Still further, in the power generation system ac-
cording to the present invention, if the controller detects
damage to the exhaust passage because the fuel cell
system is in operation, the controller may stop the oper-
ation of the fuel cell system.

[0015] Still further, the power generation system ac-
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cording to the present invention may further, include a
combustion apparatus disposed outside the casing, and
the exhaust passage may branch off into at least two
passages such that upstream ends thereof are connect-
ed to the combustion apparatus and the fuel cell system,
respectively.

[0016] Still further, in the power generation system ac-
cording to the present invention, if the controller detects
damage to the exhaust passage because the combustion
apparatus is in operation, the controller may stop the op-
eration of the combustion apparatus.

[0017] Still further, in the power generation system ac-
cording to the present invention, the damage detector
may be configured as an oxygen concentration detector,
and the controller may determine that the exhaust pas-
sage is damaged either: in a case where the oxygen con-
centration detector is provided in the casing or at the air
supply passage and an oxygen concentration detected
by the oxygen concentration detector is lower than a pre-
set first oxygen concentration; or in a case where the
oxygen concentration detector is provided at the exhaust
passage and an oxygen concentration detected by the
oxygen concentration detector is lower than a preset sec-
ond oxygen concentration, and in a case where the ox-
ygen concentration detector is provided at the exhaust
passage and an oxygen concentration detected by the
oxygen concentration detector is higher than a third ox-
ygen concentration which is higher than the second ox-
ygen concentration.

[0018] Still further, in the power generation system ac-
cording to the present invention, the damage detector
may be configured as a carbon dioxide concentration de-
tector, and the controller may determine that the exhaust
passage is damaged either: in a case where the carbon
dioxide concentration detector is provided in the casing
or at the air supply passage and a carbon dioxide con-
centration detected by the carbon dioxide concentration
detector is higher than a preset first carbon dioxide con-
centration; or in a case where the carbon dioxide con-
centration detector is provided at the exhaust passage
and a carbon dioxide concentration detected by the car-
bon dioxide concentration detector is lower than a preset
second carbon dioxide concentration, and in a case
where the carbon dioxide concentration detector is pro-
vided at the exhaust passage and a carbon dioxide con-
centration detected by the carbon dioxide concentration
detector is higher than a third carbon dioxide concentra-
tion which is higher than the second carbon dioxide con-
centration.

[0019] Still further, in the power generation system ac-
cording to the present invention, the damage detector
may be configured as a carbon monoxide concentration
detector, and the controller may determine that the ex-
haust passage is damaged if a carbon monoxide con-
centration detected by the carbon monoxide concentra-
tion detectoris higherthan or equal to a presetfirst carbon
monoxide concentration.

[0020] Still further, the power generation system ac-
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cording to the present invention may further include: a
combustion apparatus disposed outside the casing; and
a ventilator configured to ventilate an interior of the casing
by discharging air in the interior of the casing to the ex-
haust passage. The damage detector may be configured
as a gas concentration detector detecting at least one
gas concentration between a carbon monoxide concen-
tration and a carbon dioxide concentration The controller
may: store, as a reference gas concentration, a gas con-
centration that is obtained by adding a predetermined
concentration to a gas concentration detected by the gas
concentration detector when the fuel cell system is not
generating electric power, the combustor and the com-
bustion apparatus are not performing combustion, and
the ventilator is operating; and determine that the exhaust
passage is damaged if the gas concentration detector
detects a gas concentration that is out of a concentration
range of the reference gas concentration.

[0021] Still further, the power generation system ac-
cording to the present invention may further include: a
combustion apparatus disposed outside the casing; and
a ventilator configured to ventilate aninterior of the casing
by discharging air in the interior of the casing to the ex-
haust passage. The damage detector may be configured
as an oxygen concentration detector. The controller may:
store, as a reference oxygen concentration, an oxygen
concentration that is obtained by subtracting a predeter-
mined concentration from an oxygen concentration de-
tected by the oxygen concentration detector when the
fuel cell system is not generating electric power, the com-
bustor and the combustion apparatus are not performing
combustion, and the ventilator is operating; and deter-
mine that the exhaust passage is damaged if the oxygen
concentration detector detects an oxygen concentration
that is out of a concentration range of the reference ox-
ygen concentration.

[0022] Still further, in the power generation system ac-
cording to the present invention, a downstream end of
the air supply passage may be either connected to an air
inlet of the casing or open to an interior of the casing,
and the damage detector may be provided near the
downstream end of the air supply passage.

[0023] Still further, in the power generation system ac-
cording to the presentinvention, the hydrogen generation
apparatus may further include: a combustion air feed
passage whose upstream end is open to an interior of
the casing and positioned near a downstream end of the
air supply passage and whose downstream end is con-
nected to the combustor; and a combustion air feeder
provided at the combustion air feed passage. The dam-
age detector may be provided at the combustion air feed
passage.

[0024] Still further, in the power generation system ac-
cording to the present invention, the damage detector
may be configured as a temperature detector, and the
controller may determine that the exhaust passage is
damaged if a temperature detected by the temperature
detector is higher than a preset first temperature or lower
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than a second temperature which is lower than the first
temperature.

[0025] Still further, in the power generation system ac-
cording to the present invention, the damage detector
may be configured as a pressure detector provided in at
least one of the exhaust passage and the air supply pas-
sage, and the controller may determine that the exhaust
passage is damaged if the pressure detector detects a
pressure higher than a preset first pressure or detects a
pressure lower than a second pressure which is lower
than the first pressure.

[0026] Still further, in the power generation system ac-
cording to the present invention, the controller may per-
form control to stop the operation of the power generation
system and to prohibit start-up of the power generation
system.

[0027] Still further, in the power generation system ac-
cording to the present invention, the air supply passage
may be formed in such a manner that the air supply pas-
sage is heat exchangeable with the exhaust passage.
[0028] A power generation system operation method
according to the present invention is a method of oper-
ating a power generation system including a fuel cell sys-
tem including a fuel cell configured to generate electric
power by using a fuel gas and an oxidizing gas. The pow-
er generation system further includes: a casing accom-
modating the fuel cell; a supply and exhaust mechanism
including an exhaust passage configured to discharge
an exhaust gas from the power generation system to out-
side of the casing, and an air supply passage configured
to supply air to the power generation system; a damage
detector, provided in at least one of the supply and ex-
haust mechanism and the casing, configured to detect
damage to the exhaust passage; and a controller. If the
controller detects damage to the exhaust passage based
on information obtained from the damage detector, the
controller stops operation of the power generation sys-
tem.

[0029] Accordingly, in a case, for example, where the
exhaust passage becomes damaged, an increase in the
internal temperature of the casing is suppressed and
thereby a decrease in the efficiency of accessory devices
accommodated in the casing can be suppressed. More-
over, in a case where the exhaust passage is disposed
indoors and the exhaust passage becomes damaged,
exhaust gas leakage indoors from the power generation
system can be suppressed.

Advantageous Effects of Invention

[0030] According to the power generation system and
its operation method of the present invention, in a case,
for example, where the exhaust passage becomes dam-
aged, an increase in the internal temperature of the cas-
ing is suppressed and thereby a decrease in the efficien-
cy of accessory devices accommodated in the casing
can be suppressed. Moreover, in a case where the ex-
haust passage is disposed indoors and the exhaust pas-
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sage becomes damaged, exhaust gas leakage indoors
from the power generation system can be suppressed.

Brief Description of Drawings
[0031]

[Fig. 1]1Fig. 1is aschematic diagram showing a sche-
matic configuration of a power generation system
according to Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Embodiment 1.

[Fig. 3] Fig. 3is aschematic diagram showing a sche-
matic configuration of a power generation system
according to Variation 1 of Embodiment 1.
[Fig.4]Fig. 4 is aschematic diagram showing a sche-
matic configuration of a power generation system
according to Embodiment 2 of the present invention.
[Fig. 5] Fig. 5is a schematic diagram showing a sche-
matic configuration of a power generation system
according to Variation 1 of Embodiment 2.

[Fig. 6] Fig. 6 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 1 of Embodiment
2.

[Fig. 7] Fig. 7 is a schematic diagram showing a sche-
matic configuration of a power generation system
according to Variation 2 of Embodiment 2.

[Fig. 8] Fig. 8 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 2 of Embodiment
2.

[Fig. 9]Fig. 9is aschematic diagram showing a sche-
matic configuration of a power generation system
according to Variation 3 of Embodiment 2.

[Fig. 10] Fig. 10 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 3 of Embodiment
2.

[Fig. 11] Fig. 11 is a schematic diagram showing a
schematic configuration of a power generation sys-
tem according to Variation 4 of Embodiment 2.
[Fig. 12] Fig. 12 is a schematic diagram showing a
schematic configuration of a power generation sys-
tem according to Variation 5 of Embodiment 2.
[Fig. 13] Fig. 13 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 5 of Embodiment
2.

[Fig. 14] Fig. 14 is a schematic diagram showing a
schematic configuration of a power generation sys-
tem according to Variation 6 of Embodiment 2.
[Fig. 15] Fig. 15is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 6 of Embodiment
2.

[Fig. 16] Fig. 16 is a schematic diagram showing a
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schematic configuration of a power generation sys-
tem according to Embodiment 3 of the present in-
vention.

[Fig. 17] Fig. 17 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Embodiment 3.

[Fig. 18] Fig. 18 is a schematic diagram showing a
schematic structure of a power generation system
according to Variation 1 of Embodiment 3.

[Fig. 19] Fig. 19 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 1 of Embodiment
3.

[Fig. 20] Fig. 20 is a schematic diagram showing a
schematic configuration of a power generation sys-
tem according to Variation 2 of Embodiment 3.
[Fig. 21] Fig. 21 is a flowchart schematically showing
a damage detection operation of the power genera-
tion system according to Variation 2 of Embodiment
3.

Description of Embodiments

[0032] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
drawings. In the drawings, the same or corresponding
components are denoted by the same reference signs,
and a repetition of the same description is avoided. In
the drawings, only the components necessary for de-
scribing the present invention are shown, and the other
components are omitted. Further, the present invention
is not limited to the embodiments described below.

(Embodiment 1)

[0033] A power generation system according to Em-
bodiment 1 of the present invention includes: a fuel cell;
a casing accommodating the fuel cell; a controller; a sup-
ply and exhaust mechanism including an exhaust pas-
sage and an air supply passage; and a damage detector.
The power generation system according to Embodiment
1 serves as an example where the controller performs
control to stop operation of the power generation system
when the damage detector detects damage to the ex-
haust passage.

[0034] Here,to"stop operation of the power generation
system" refers not only to stopping the currently operating
power generation system but also to prohibiting the pow-
er generation system from starting operating. Moreover,
prohibiting the power generation system from operating
does not mean it is necessary to prohibit the operation
of all of the component devices of the power generation
system, but means prohibiting the operation of some of
the component devices of the power generation system
so that the operational advantages of the present inven-
tion can be exerted. Examples of the devices that are
prohibited from operating include: a hydrogen generation
apparatus configured to generate a fuel gas; a fan device
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configured to supply air; and a combustor, such as a burn-
er, configured to heat the hydrogen generation appara-
tus. Meanwhile, devices that neither generate nor dis-
charge a gas (e.g., a pump that causes cooling water for
cooling the fuel cell to flow) are not prohibited from op-
erating. Thus, such devices can be included in examples
of devices that are allowed to operate.

[Configuration of Power Generation System]

[0035] Fig. 1is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Embodiment 1 of the present invention.
[0036] As shownin Fig. 1, a power generation system
100 according to Embodiment 1 of the present invention
is disposed inside a building 200. The power generation
system 100 includes: a fuel cell system 101 including a
fuel gas supply device 14 and a fuel cell 11; a supply and
exhaust mechanism 104 including an exhaust passage
70 and an air supply passage 78; a pressure detector
21; and a controller 102. When the damage detector de-
tects damage to the exhaust passage 70, the controller
102 perform control to prohibit the power generation sys-
tem 100 from operating.

[0037] Although Embodiment 1 shows a configuration
example in which the power generation system 100 is
disposed inside the building 200, Embodiment 1 is not
limited to this. As an alternative, the power generation
system 100 may be disposed outside the building 200.
[0038] The fuel cell system 101 includes a casing 12.
The fuel cell 11, a ventilation fan 13, the fuel gas supply
device 14, and an oxidizing gas supply device 15 are
arranged in the casing 12. Also, the controller 102 is dis-
posed in the casing 12. Although in Embodiment 1 the
controller 102 is disposed in the casing 12 of the fuel cell
system 101, Embodiment 1 is not limited to this. As an
alternative, the controller 102 may be disposed outside
the casing 12.

[0039] A hole 16 is formed in a wall of the casing 12
at a suitable position, such that the hole 16 extends
though the wall in the thickness direction of the wall. A
pipe forming the exhaust passage 70 and a pipe forming
the air supply passage 78 (i.e., a double pipe) are con-
nected to the hole 16. It should be noted that the pipe
forming the exhaust passage 70 is disposed inside the
pipe forming the air supply passage 78. Accordingly,
when an exhaust gas from the fuel cell system 101 is
discharged to the exhaust passage 70, a gas in the air
supply passage 78 is heated due to heat transferred from
the exhaust gas.

[0040] Although in Embodiment 1 the exhaust pas-
sage 70 and the air supply passage 78 form a double
pipe, the passage formation is not limited to this. These
passages may be in any form, so long as the air supply
passage 78 and the exhaust passage 70 are provided in
such a manner as to allow them to exchange heat with
each other. Here, passage formations where "the air sup-
ply passage 78 and the exhaust passage 70 are provided
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in such a manner as to allow them to exchange heat with
each other" do not necessarily require the air supply pas-
sage 78 and the exhaust passage 70 to be in contact
with each other, but include a formation where the air
supply passage 78 and the exhaust passage 70 are
spaced apart to such a degree as to allow a gas in the
air supply passage 78 and a gas in the exhaust passage
70 to exchange heat with each other. Thus, the air supply
passage 78 and the exhaust passage 70 may be ar-
ranged with space therebetween. Moreover, one of the
passages may be formed inside the other passage. As
one example, a wall may be formed inside one pipe in a
manner to extend in the extending direction of the pipe.
The wall serves to divide the internal space of the pipe.
One of the divided spaces of the pipe may be used as
the air supply passage 78, and the other of the divided
spaces of the pipe may be used as the exhaust passage
70.

[0041] The upstream end of the exhaust passage 70
is connected to the casing 12. The exhaust passage 70
is configured such that an exhaust gas discharged from
the power generation system 100 flows through the ex-
haust passage 70. The exhaust passage 70 is formed to
extend to the outside of the building 200. The down-
stream end (opening) of the exhaust passage 70 is open
tothe atmosphere. The downstream end of the air supply
passage 78 is connected to the casing 12, and the up-
stream end (opening) of the air supply passage 78 is
open to the atmosphere. The air supply passage 78
serves to supply air from the outside (here, the outside
of the building 200) into the power generation system
100.

[0042] The pressure detector 21, configured to detect
the flow rate of gas in the exhaust passage 70, is provided
at a suitable position in the exhaust passage 70. The
pressure detector 21 may be configured in any form, so
long as the pressure detector 21 is configured to detect
agas pressure in the exhaust passage 70. A device used
as the pressure detector 21 is not particularly limited.
Although the pressure detector 21 may be provided at
any position in the exhaust passage 70, it is preferred
that the pressure detector 21 is provided in the upstream
side portion of the exhaust passage 70 from the stand-
point of facilitating the detection of damage to the exhaust
passage 70.

[0043] The fuel gas supply device 14 may be config-
ured in any form, so long as the fuel gas supply device
14 is configured to supply a fuel gas (hydrogen gas) to
the fuel cell 11 while adjusting the flow rate of the fuel
gas. For example, a hydrogen generation apparatus, a
hydrogen canister, or a device configured to supply a
hydrogen gas from a hydrogen storage alloy or the like
may serve as the fuel gas supply device 14. The fuel cell
11 (to be exact, the inlet of a fuel gas passage 11A of
the fuel cell 11) is connected to the fuel gas supply device
14 via a fuel gas supply passage 71.

[0044] The oxidizing gas supply device 15 may be con-
figured in any form, so long as the oxidizing gas supply
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device 15 is configured to supply an oxidizing gas (air)
to the fuel cell 11 while adjusting the flow rate of the ox-
idizing gas. For example, the oxidizing gas supply device
15 may be configured as a fan device such as afan or a
blower. The fuel cell 11 (to be exact, the inlet of an oxi-
dizing gas passage 11 B of the fuel cell 11) is connected
to the oxidizing gas supply device 15 via an oxidizing gas
supply passage 72.

[0045] The fuel cell 11 includes an anode and a cath-
ode (which are not shown). In the fuel cell 11, the fuel
gas that is supplied to the fuel gas passage 11A is sup-
plied to the anode while passing through the fuel gas
passage 11A. Similarly, the oxidizing gas that is supplied
to the oxidizing gas passage 11B is supplied to the cath-
ode while passing though the oxidizing gas passage 11B.
Then, the fuel gas supplied to the anode and the oxidizing
gas supplied to the cathode react with each other, and
as a result, electricity and heat are generated

[0046] It should be noted that the generated electricity
is supplied to an external electrical load (e.g., a house-
hold electrical appliance) by means of a power condition-
er which is not shown. Also, the generated heat is recov-
ered by a heating medium flowing through a heating me-
dium passage which is not shown. The heat recovered
by the heating medium can be used for heating water,
for example.

[0047] In Embodiment 1, various fuel cells including a
polymer electrolyte fuel cell and a solid oxide fuel cell are
usable as the fuel cell 11. Although in Embodiment 1 the
fuel cell 11 and the fuel gas supply device 14 are config-
ured as separate components, Embodiment 1 is not lim-
ited to this. Similar to a solid oxide fuel cell, the fuel gas
supply device 14 and the fuel cell 11 may be integrated.
In this case, the fuel cell 11 and the fuel gas supply device
14 are covered with a common heat insulating material
and configured as a single unit, and a combustor 14b
described below can heat not only a reformer 14a de-
scribed below but also the fuel cell 11.

[0048] Inacasewherethefuelcell11isadirectinternal
reforming type solid oxide fuel cell, the anode of the fuel
cell 11 and the reformer 14a may be integrated since the
anode of the fuel cell 11 also acts as the reformer 14a.
Since the fuel cell 11 is configured in the same manner
as that of a general fuel cell, a detailed description of the
configuration of the fuel cell 11 is omitted.

[0049] The upstream end of an off fuel gas passage
73 is connected to the outlet of the fuel gas passage 11A.
The downstream end of the off fuel gas passage 73 is
connected to the exhaust passage 70. The upstream end
of an off oxidizing gas passage 74 is connected to the
outlet of the oxidizing gas passage 11B. The downstream
end of the off oxidizing gas passage 74 is connected to
the exhaust passage 70.

[0050] Accordingly, the fuel gas that is unused in the
fuel cell 11 (hereinafter, off fuel gas) is discharged from
the outlet of the fuel gas passage 11A to the exhaust
passage 70 through the off fuel gas passage 73. Simi-
larly, the oxidizing gas that is unused in the fuel cell 11
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(hereinafter, off oxidizing gas) is discharged from the out-
let of the oxidizing gas passage 11B to the exhaust pas-
sage 70 through the off oxidizing gas passage 74. The
off fuel gas discharged to the exhaust passage 70 is di-
luted with the off oxidizing gas and discharged to the
outside of the building 200.

[0051] The ventilation fan 13 is connected to the ex-
haust passage 70 via a ventilation passage 75. The ven-
tilation fan 13 may be configured in any form, so long as
the ventilation fan 13 is configured to ventilate the interior
of the casing 12. Accordingly, when the ventilation fan
13 is operated while air is supplied from the outside of
the power generation system 100 into the casing 12
through the air inlet 16, the gas in the casing 12 (mainly
air) is discharged to the outside of the building 200
through the ventilation passage 75 and the exhaust pas-
sage 70. In this manner, the interior of the casing 12 is
ventilated.

[0052] Although in Embodiment 1 a fan is used as the
ventilator, the ventilator is not limited to a fan, but may
be a blower. Although the ventilation fan 13 is disposed
in the casing 12, Embodiment 1 is not limited to this. The
ventilation fan 13 may be disposed in the exhaust pas-
sage 70.

[0053] As described above, in Embodiment 1, the off
fuel gas, the off oxidizing gas, and the gas in the casing
12 that is discharged when the ventilation fan 13 is op-
erated, are shown as examples of the exhaust gas dis-
charged from the power generation system 100. It should
be noted that the exhaust gas discharged from the power
generation system 100 is not limited to these examples
of gas. In a case where the fuel gas supply device 14 is
configured as a hydrogen generation apparatus, exam-
ples of the exhaust gas discharged from the power gen-
eration system 100 may include gases discharged from
the hydrogen generation apparatus (e.g., a flue gas and
a hydrogen-containing gas).

[0054] The controller 102 may be configured as any
device, solong as the device is configured to control com-
ponent devices of the power generation system 100. The
controller 102 includes an arithmetic processing unit,
such as a microprocessor or a CPU, and a storage unit
configured as, for example, a memory storing programs
for executing control operations. Through the loading and
execution, by the arithmetic processing unit, of a prede-
termined control program stored in the storage unit, the
controller 102 performs various controls of the power
generation system 100.

[0055] The controller 102 also includes a damage de-
terminer (not shown). If a pressure P, detected by the
pressure detector 21, of a gas flowing through the ex-
haust passage 70 is lower than or equal to afirst pressure
P1, then the damage determiner determines that the ex-
haust passage 70 is damaged. Thus, in Embodiment 1,
the pressure detector 21 serves as the damage detector.
[0056] It should be noted that the controller 102 may
be configured not only as a single controller, but as a
group of multiple controllers which operate in cooperation
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with each other to control the power generation system
100. Moreover, the controller 102 may be configured as
a microcontroller. Furthermore, the controller 102 may
be configured as an MPU, PLC (Programmable Logic
Controller), logic circuit, or the like. Here, the damage
determiner of the controller 102 is realized by executing
a predetermined program stored in the storage unit.

[Operation of Power Generation System]

[0057] Next, operations of the power generation sys-
tem 100 according to Embodiment 1 are described with
reference to Fig. 1 and Fig. 2. Since a power generation
operation by the fuel cell system 101 of the power gen-
eration system 100 is performed in the same manner as
that of a power generation operation by a general fuel
cell system, a detailed description thereof is omitted.
[0058] In Fig. 1, if the exhaust passage 70 becomes
damaged at a portion that is upstream from a portion, of
the exhaust passage 70, at which the pressure detector
21 is disposed, then a pressure detected by the pressure
detector 21 after the occurrence of the damage to the
exhaust passage 70 is expected to be lower than a pres-
sure detected by the pressure detector 21 before the oc-
currence of the damage to the exhaust passage 70. Ac-
cordingly, the controller 102 can determine that the ex-
haust passage 70 is damaged if the pressure detected
by the pressure detector 21 is lower than a second pres-
sure, which is the lowest value in a pressure range in the
exhaust passage 70 in a case where the power genera-
tion system 100 is operating and the exhaust passage
70 is not damaged.

[0059] Ifthe exhaust passage 70 is completely divided
into parts and severely damaged at a portion thatis down-
stream from the portion, of the exhaust passage 70, at
which the pressure detector 21 is disposed, then it is
expected that the flow rate of the exhaust gas from the
power generation system 100 increases and the pres-
sure detected by the pressure detector 21 becomes high-
er than the pressure detected during normal operation.
Accordingly, the controller 102 can determine that the
exhaust passage 70 is damaged if the pressure detected
by the pressure detector 21 is higher than afirst pressure,
which is the highest value in the pressure range in the
exhaust passage 70 in the case where the power gen-
eration system 100 is operating and the exhaust passage
70 is not damaged.

[0060] That is, the controller 102 can determine that
the exhaust passage 70 is damaged if the pressure de-
tected by the pressure detector 21 is out of a predeter-
mined pressure range that is set in advance. Hereinafter,
a damage detection operation of the power generation
system 100, which the controller 102 performs based on
a pressure detected by the pressure detector 21, is de-
scribed with reference to Fig. 2.

[0061] Fig. 2 is a flowchart schematically showing the
damage detection operation of the power generation sys-
tem according to Embodiment 1.
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[0062] As shown in Fig. 2, the controller 102 (to be
exact, the damage determiner of the controller 102) ob-
tains a gas pressure P in the exhaust passage 70, which
the pressure detector 21 detects while the power gener-
ation system 100 is operating (step S101). Here, "while
the power generation system 100 is operating" refers to
a period over which the exhaust gas from the power gen-
eration system 100 is discharged to the exhaust passage
70.In Embodiment 1, "while the power generation system
100 is operating" refers to that at least one of the fuel gas
supply device 14, the oxidizing gas supply device 15, and
the ventilation fan 13 is operating.

[0063] Next, the controller 102 determines whether the
pressure P obtained in step S101 is higher than a first
pressure value P1 (the first pressure) or lower than a
second pressure value P2 (the second pressure) which
is lower than the first pressure value P1, or neither (step
S 102).

[0064] Here, the first pressure value P1 may be set in
the following manner: for example, a pressure range in
the exhaust passage 70 when the exhaust gas dis-
charged from the power generation system 100 flows
through the exhaust passage 70 is obtained through an
experiment or the like in advance; and then the highest
pressure in the pressure range may be set as the first
pressure value P 1. The pressure range detected by the
pressure detector 21 varies depending on the shape
(e.g., the inner diameter and length) of the exhaust pas-
sage 70. Therefore, it is preferred that a pressure range
in the exhaust passage 70 in the supply and exhaust
mechanism 104 with no damage is measured at the time
of installation of the power generation system 100, and
the highest pressure in the measured pressure range is
set as the first pressure value P1.

[0065] Similarly, the second pressure value P2 may
be set in the following manner: for example, the pressure
range in the exhaust passage 70 when the exhaust gas
discharged from the power generation system 100 flows
through the exhaust passage 70 is obtained through an
experiment or the like in advance; and then the lowest
pressure in the pressure range may be set as the second
pressure value P2. The pressure range detected by the
pressure detector 21 varies depending on the shape
(e.g., the inner diameter and length) of the exhaust pas-
sage 70. Therefore, itis preferred that the pressure range
in the exhaust passage 70 in the supply and exhaust
mechanism 104 with no damage is measured at the time
of installation of the power generation system 100, and
the lowest pressure in the measured pressure range is
set as the second pressure value P2.

[0066] Ifthe pressure P obtainedinstep S101 is neither
lower than the second pressure value P2 nor higher than
the first pressure value P1 (No in step S 102), the con-
troller 102 returns to step S101 1 and repeats step S101
and step S 102 until the pressure P becomes lower than
the second pressure value P2 or higher than the first
pressure value P1. On the other hand, if the pressure P
obtained in step S101 is lower than the second pressure
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value P2 or higher than the first pressure value P1 (Yes
in step S102), then the controller 102 determines that the
exhaust passage 70 is damaged, and proceeds to step
S103.

[0067] In step S103, the controller 102 stops the op-
eration of the power generation system 100. Accordingly,
the discharging of the exhaust gas from the power gen-
eration system 100 to the exhaust passage 70 is stopped,
and a reverse flow of the exhaust gas from the exhaust
passage 70 into the casing 12 is suppressed.

[0068] Next, the controller 102 prohibits the start-up of
the power generation system 100 (step S104). Specifi-
cally, for example, even in a case where a user of the
power generation system 100 has operated a remote
controller which is not shown and thereby a start-up re-
quest signal has been transmitted to the controller 102,
or where a start-up time for the power generation system
100 has arrived, the controller 102 does not allow the
power generation system 100 to perform a start-up proc-
ess, thereby prohibiting the start-up of the power gener-
ation system 100.

[0069] As described above, in the power generation
system 100 according to Embodiment 1, if the damage
detector (in Embodiment 1, the pressure detector 21) de-
tects damage to the exhaust passage 70, the controller
102 stops the operation of the power generation system
100 and prohibits the start-up of the power generation
system 100. Accordingly, a reverse flow of the exhaust
gas into the casing 12 is suppressed. As a result, a sit-
uation where the exhaust gas, which is a high-tempera-
ture gas, remains in the casing 12 is suppressed from
occurring, and thereby an increase in the internal tem-
perature of the casing 12 is suppressed. Therefore, a
decrease in the efficiency of accessory devices (such as
the controller 102) accommodated in the casing 12 can
be suppressed, and the durability of the power generation
system 100 can be improved.

[0070] In the power generation system 100 according
to Embodiment 1, the exhaust passage 70 is disposed
inside the building 200. For this reason, if the exhaust
passage 70 and the air supply passage 78 become dam-
aged, there is a risk that the exhaust gas from the power
generation system 100 flows out within the building 200.
However, as described above, in the power generation
system 100 according to Embodiment 1, the operation
of the power generation system 100 is stopped and the
start-up of the power generation system 100 is prohibited,
so that the outflow of the exhaust gas within the building
200 is suppressed. In this manner, an increase in the
internal temperature of the building 200 can be sup-
pressed.

[0071] Although in Embodiment 1 the controller 102
determines whether or not the exhaust passage 70 has
been damaged, by determining whether or not the pres-
sure P detected by the pressure detector 21 is lower than
or equal to the first pressure value P1, Embodiment 1 is
not limited to this. For example, the controller 102 may
determine that the exhaust passage 70 is damaged if a
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difference between the pressure P detected by the pres-
sure detector 21 before a predetermined time and the
pressure P detected by the pressure detector 21 after
the predetermined time is lower than or equal to a pre-
determined threshold pressure which is obtained from
an experiment or the like in advance.

[0072] Further, in Embodiment 1, the exhaust passage
70, the off fuel gas passage 73, the off oxidizing gas
passage 74, and an exhaust gas passage 77 are de-
scribed as different passages. However, Embodiment 1
is not limited to this. These passages may be collectively
seen as the exhaust passage 70.

[0073] Although in Embodiment 1 the pressure detec-
tor 21 is disposed in the exhaust passage 70, Embodi-
ment 1 is not limited to this. Alternatively, the detector’s
sensor part may be disposed inside the exhaust passage
70 and the other parts of the detector may be disposed
outside the exhaust passage 70. Moreover, the pressure
detector 21 may be suitably positioned at any of the off
fuel gas passage 73, the off oxidizing gas passage 74,
and the ventilation passage 75, which are in communi-
cation with the exhaust passage 70.

[0074] Furthermore, the pressure detector 21 may be
disposed at the air supply passage 78. In this case, if the
exhaust passage 70 becomes damaged, the pressure in
the air supply passage 78 formed at the outer side of the
exhaust passage 70 becomes higher than before the oc-
currence of the damage to the exhaust passage 70. Ac-
cordingly, the controller 102 (to be exact, the damage
determiner of the controller 102) can determine that the
exhaust passage 70 is damaged if the pressure detected
by the pressure detector 21 is higher than a third pressure
value P3 (the first pressure), which is the highest value
in a pressure range in the air supply passage 78 in the
case where the power generation system 100 is operat-
ing and the exhaust passage 70 is not damaged.
[0075] Ifthe exhaust passage 70 is completely divided
into parts and severely damaged at its middle portion,
then the pressure loss in the exhaust passage 70 de-
creases. Accordingly, there occurs anincrease in the flow
rate of exhaust gas flowing to the exhaust passage 70
from devices of a supply system such as the ventilation
fan 13 and the oxidizing gas supply device 15. This re-
sults in an increase in the flow rate of gas (here, air)
supplied from the air supply passage 78 into the casing
12. Therefore, itis expected in this case that the pressure
in the air supply passage 78 decreases as compared to
before the occurrence of the damage to the exhaust pas-
sage 70.

[0076] Accordingly, the controller 102 can determine
that the exhaust passage 70 is damaged if the pressure
detected by the pressure detector 21 is lower than a
fourth pressure value P4 (the second pressure), which
is the lowest value in the pressure range in the air supply
passage 78 in the case where the power generation sys-
tem 100 is operating and the exhaust passage 70 is not
damaged.

[0077] Specifically, while the power generation system
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100 is operating with no damage to the exhaust passage
70 and the air supply passage 78, the controller 102 may
measure a pressure range in the exhaust passage 70 or
in the air supply passage 78. Then, the controller 102
can determine that the exhaust passage 70 is damaged
if the pressure detector 21 detects a pressure value out
of the pressure range.

[Variation 1]

[0078] Next, a variation of the power generation sys-
tem 100 according to Embodiment 1 is described.
[0079] A power generation system according to Vari-
ation 1 of Embodiment 1 serves as an example where
the exhaust gas from the power generation system is
discharged to the outside of the building through a pipe
extending to the outside of the building, whereas air is
supplied to the power generation system internally within
the building.

[Configuration of Power Generation System]

[0080] Fig. 3 is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 1 of Embodiment 1.

[0081] As shown in Fig. 3, the fundamental configura-
tion of the power generation system 100 according to
Variation 1 is the same as that of the power generation
system 100 according to Embodiment 1. However, the
power generation system 100 according to Variation 1 is
different from the power generation system 100 accord-
ing to Embodiment 1 in terms of the configuration of the
air supply passage 78. Specifically, in the power gener-
ation system 100 according to Variation 1, the hole 16 is
formed in the wall of the casing 12 at a suitable position,
such that the hole 16 extends though the wall in the thick-
ness direction of the wall. A pipe forming the exhaust
passage 70 is inserted in the hole 16, such that space is
formed between the hole 16 and the exhaust passage
70. The space between the hole 16 and the exhaust pas-
sage 70 serves as the air inlet 16. The air inlet 16 serves
as the air supply passage 78.

[0082] Although in Variation 1 the hole in which the
pipe forming the exhaust passage 70 is inserted, and the
hole that serves as the air inlet 16, are the same single
hole 16, Variation 1 is not limited to this. The hole in which
the pipe forming the exhaust passage 70 is inserted, and
the hole that serves as the air inlet 16, may be separately
formed in the casing 12. Moreover, either a single hole
in the casing 12 or multiple holes in the casing 12 may
serve as the air supply passage 78.

[0083] The power generation system 100 according to
Variation 1 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
1.

[0084] Inacasewherethe exhaust passage 70is dam-
aged in the power generation system 100 according to
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Variation 1, if the exhaust gas from the power generation
system 100 leaks within the building 200, then there is a
risk that the internal temperature of the building 200 in-
creases.

[0085] However, in Variation 1, if the damage detector
detects damage to the exhaust passage 70, the controller
102 stops the operation of the power generation system
100. Therefore, the leakage, within the building 200, of
the exhaust gas from the power generation system 100
can be suppressed. Accordingly, an increase in the in-
ternal temperature of the building 200 can be sup-
pressed.

(Embodiment 2)

[0086] A power generation system according to Em-
bodiment 2 ofthe presentinvention serves as an example
where the power generation system further includes a
hydrogen generation apparatus including: a reformer
configured to generate a fuel gas from a raw material and
water; and a combustor configured to heat the reformer.

[Configuration of Power Generation System]

[0087] Fig. 4 is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Embodiment 2 of the present invention.
[0088] As shown in Fig. 4, the fundamental configura-
tion of the power generation system 100 according to
Embodiment 2 of the present invention is the same as
that of the power generation system 100 according to
Embodiment 1. However, the power generation system
100 according to Embodiment 2 is different from the pow-
er generation system 100 according to Embodiment 1 in
terms of the following points: in the power generation
system 100 according to Embodiment 2, the fuel gas sup-
ply device 14 is configured as a hydrogen generation
apparatus 14; and the off fuel gas passage 73 is con-
nected to the combustor 14b of the hydrogen generation
apparatus 14. Specifically, the hydrogen generation ap-
paratus 14 includes the reformer 14a, the combustor 14b,
and a combustion fan 14c.

[0089] Thedownstream end ofthe off fuel gas passage
73 is connected to the combustor 14b. The off fuel gas
fromthe fuel cell 11 flows through the off fuel gas passage
73 and is supplied to the combustor 14b as a combustion
fuel. The combustion fan 14c is also connected to the
combustor 14b via an air feed passage 79. The combus-
tion fan 14c may be configured in any form, so long as
the combustion fan 14c is configured to supply combus-
tion air to the combustor 14b. For example, the combus-
tion fan 14c may be configured as a fan device such as
a fan or a blower.

[0090] Inthe combustor 14b, the supplied off fuel gas
and combustion air are combusted, and thereby a flue
gas is generated. As a result, heat is generated The flue
gas generated in the combustor 14b is discharged to a
flue gas passage 80 after heating the reformer 14a and
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the like. The flue gas discharged to the flue gas passage
80 flows through the flue gas passage 80, and is then
discharged to the exhaust passage 70. The flue gas dis-
charged to the exhaust passage 70 flows through the
exhaust passage 70, and is then discharged to the out-
side of the power generation system 100 (i.e., outside of
the building 200).

[0091] A raw material supply device and a steam sup-
ply device (which are not shown) are connected to the
reformer 14a. Accordingly, a raw material and steam are
supplied to the reformer 14a. Natural gas, LP gas, or the
like, containing methane as a main component, may be
used as the raw material.

[0092] The reformer 14aincludes areforming catalyst.
The reforming catalyst is, for example, any substance
that is capable of catalyzing a steam reforming reaction
through which to generate a hydrogen-containing gas
from the raw material and steam. Examples of the re-
forming catalyst include a ruthenium based catalyst in
which a catalyst carrier such as alumina carries ruthe-
nium (Ru) and a nickel based catalyst in which a catalyst
carrier such as alumina carries nickel (Ni).

[0093] Inthe reformer 14a, a hydrogen-containing gas
is generated through a reforming reaction between the
supplied raw material and steam. The generated hydro-
gen-containing gas flows through the fuel gas supply pas-
sage 71 as a fuel gas, and is then supplied to the fuel
gas passage 11 A of the fuel cell 11.

[0094] Although in Embodiment 2 the hydrogen-con-
taining gas generated by the reformer 14a is sent to the
fuel cell 11 as a fuel gas, Embodiment 2 is not limited to
this. As an alternative, the hydrogen generation appara-
tus 14 may include a shift converter including a shift con-
version catalyst (e.g., a copper-zinc based catalyst) for
reducing carbon monoxide in the hydrogen-containing
gas sent from the reformer 14a, or include a carbon mon-
oxide remover including an oxidation catalyst (e.g., a ru-
thenium-based catalyst) or a methanation catalyst (e.qg.,
a ruthenium-based catalyst). Then, the hydrogen-con-
taining gas that has passed through such a device may
be sent to the fuel cell 11.

[0095] The combustor 14b is configured such that the
off fuel gas from the fuel cell 11 is supplied to the com-
bustor 14b as a combustion fuel. However, the configu-
ration of the combustor 14b is not limited to this. As an
alternative, the combustor 14b may be configured such
that a combustion fuel is separately supplied from a com-
bustion fuel supply device to the combustor 14b.

[0096] The power generation system 100 according to
Embodiment 2 with the above-described configuration
provides the same operational advantages as those of
the power generation system 100 according to Embodi-
ment 1.

[0097] Meanwhile,inthe powergeneration system 100
according to Embodiment 2, if the exhaust gas from the
power generation system 100 flows reversely and is sup-
plied to the combustor 14b, there is a risk that imperfect
combustion occurs in the combustor 14b and thereby CO
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is produced. Moreover, if the produced CO flows into the
fuel cell 11, there is a risk that the catalyst in the fuel cell
11 degrades, and thereby the power generation efficien-
cy of the fuel cell 11 decreases.

[0098] However, in Embodiment 2, if the damage de-
tector detects damage to the exhaust passage 70, the
controller 102 stops the operation of the power genera-
tion system 100. As aresult, the amount of CO production
is reduced. Accordingly, a decrease in the power gener-
ation efficiency of the fuel cell 11 can be suppressed in
the power generation system 100 according to Embodi-
ment 2.

[Variation 1]

[0099] Next, variations of the power generation system
100 according to Embodiment 2 are described.

[0100] A power generation system according to Vari-
ation 1 of Embodiment 2 serves as an example where
the damage detector is a gas composition detector and
the controller determines that the exhaust passage is
damaged ifthe damage detector detects gas composition
abnormality.

[0101] The "gas composition abnormality" herein re-
fers to a case where the composition of a gas detected
by the gas composition detector is out of a gas compo-
sition range to be detected during a normal operation of
the power generation system. The gas composition
range to be detected during the normal operation may
be set in advance through an experiment, simulation, or
the like in consideration of, for example, the composition
of a fuel gas supplied to the fuel cell and safety standards
to be satisfied (exhaust gas composition standards) at
the installation location of the power generation system.
It should be noted that examples of the gas composition
detector include an oxygen concentration detector, a car-
bon monoxide detector, a carbon dioxide concentration
detector, and a combustible gas detector.

[Configuration of Power Generation System]

[0102] Fig. 5is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 1 of Embodiment 2.

[0103] As shown in Fig. 5, the fundamental configura-
tion of the power generation system 100 according to
Variation 1 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 1 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 1, an oxygen concentra-
tion detector 22 instead of the pressure detector 21 is
provided at the air supply passage 78. It should be noted
that the oxygen concentration detector 22 may be con-
figured in any form, so long as the oxygen concentration
detector 22 is configured to detect an oxygen concentra-
tion in the air supply passage 78. A device used as the
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oxygen concentration detector 22 is not particularly lim-
ited.

[0104] Although in Variation 1 the oxygen concentra-
tion detector 22 is disposed in the air supply passage 78,
Variation | is not limited to this. Alternatively, the detec-
tor’'s sensor part may be disposed inside the air supply
passage 78 and the other parts of the detector maybe
disposed outside the air supply passage 78. Although in
Variation 1 the oxygen concentration detector 22 may be
provided at any position in the air supply passage 78, it
is preferred that the oxygen concentration detector 22 is
provided in the downstream side portion of the air supply
passage 78 from the standpoint of facilitating the detec-
tion of damage to the exhaust passage 70.

[Operation of Power Generation System]

[0105] Fig. 6 is a flowchart schematically showing a
damage detection operation of the power generation sys-
tem according to Variation 1 of Embodiment 2.

[0106] As shown in Fig. 6, the fundamental part of the
damage detection operation of the power generation sys-
tem 100 according to Variation 1 of Embodiment 2 is the
same as that of the damage detection operation of the
power generation system 100 according to Embodiment
1. However, the damage detection operation according
to Variation 1 of Embodiment 2 is different from the dam-
age detection operation according to Embodiment 1, in
that the damage detection operation according to Varia-
tion 1 of Embodiment 2 performs step S101A and step
S 102A instead of step S101 and step S 102 of Embod-
iment 1.

[0107] Specifically, the controller 102 obtains an oxy-
gen concentration C in the air supply passage 78, which
is detected by the oxygen concentration detector 22 (step
S101A). Next, the controller 102 determines whether the
oxygen concentration C obtained in step S101A is lower
than a first oxygen concentration C1 (step S102A). Here,
the first oxygen concentration C1 may be set in the fol-
lowing manner: for example, an oxygen concentration
range in the air supply passage 78 when the exhaust
passage 70 is not damaged is obtained through an ex-
periment or the like in advance; and then the obtained
oxygen concentration range may be set as the first oxy-
gen concentration C1.

[0108] Alternatively, the first oxygen concentration C1
may be a value obtained by subtracting a predetermined
concentration from an oxygen concentration, in the air
supply passage 78, detected by the oxygen concentra-
tion detector 22 when the combustor 14b is not perform-
ing combustion (e.g., when only the ventilation fan 13 is
operating while the power generation system 100 is
stopped). In this case, erroneous detection can be sup-
pressed even if there occurs a deviation between an ox-
ygen concentration detected by the oxygen concentra-
tion detector 22 and an actual oxygen concentration due
to, for example, long-term use of the oxygen concentra-
tion detector 22. It should be noted that the predeter-
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mined concentration varies depending on the oxygen
concentration detection accuracy of the oxygen concen-
tration detector to be used. Therefore, it is preferred that
the value of the predetermined concentration is set in
accordance with the oxygen concentration detector to be
used, and that the value is set within a range that does
not cause erroneous detection. For example, in a case
where the accuracy of the oxygen concentration detector
is 0.5 %, then the first oxygen concentration C may be
set to -1 % from the atmospheric oxygen concentration.
[0109] If the oxygen concentration C obtained in step
S101A s higher than or equal to the first oxygen concen-
tration C1 (No in step S102A), the controller 102 returns
to step S101A and repeats step S101A and step S102A
until the oxygen concentration C obtained in step S101A
becomes lower than the first oxygen concentration C1.
Onthe other hand, ifthe oxygen concentration C obtained
in step S101A s lower than the first oxygen concentration
C1 (in other words, if the oxygen concentration C ob-
tained in step S101A is out of the range of the first oxygen
concentration C1) (Yes in step S102A), the controller 102
proceeds to step S 103. In step S 103, the controller 102
stops the operation of the power generation system 100.
[0110] The power generation system 100 according to
Variation 1 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0111] In the power generation system 100 according
to Variation 1, the controller 102 determines whether the
exhaust passage 70 is damaged, based on whether the
oxygen concentration in the air supply passage 78 that
is detected by the oxygen concentration detector 22 is
lower than the first oxygen concentration C1. However,
Variation 1 is not limited to this. For example, the con-
troller 102 may be configured to determine that the ex-
haust passage 70 is damaged if a difference AC between
the oxygen concentration C detected by the oxygen con-
centration detector 22 before a predetermine time and
the oxygen concentration C detected by the oxygen con-
centration detector 22 after the predetermined time is
lower than a predetermined threshold concentration AC1
which is obtained from an experiment or the like in ad-
vance.

[0112] Although in Variation 1 the oxygen concentra-
tion detector 22 is provided at the air supply passage 78,
Variation 1 is not limited to this. Alternatively, the oxygen
concentration detector 22 may be provided in the casing
12. Also in this case, the controller 102 can detect dam-
age to the exhaust passage 70 in the same manner as
described above.

[0113] Moreover, although in Variation 1 the oxygen
concentration detector 22 is provided at the air supply
passage 78, Variation 1 is not limited to this. Further al-
ternatively, the oxygen concentration detector 22 may be
provided at the exhaust passage 70. In this case, when
the exhaust passage 70 becomes damaged, the exhaust
gas from the power generation system 100 is supplied
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back into the power generation system 100 (the casing
12) through the air supply passage 78. For this reason,
the oxygen concentration in air supplied to the fuel cell
11 and the combustion fan 14c, and the oxygen concen-
tration in air sent from the ventilation fan 13, decrease,
and the oxygen concentration in the exhaust gas from
the power generation system 100 that is discharged to
the exhaust passage 70 decreases.

[0114] Therefore, the controller 102 may determine
that the exhaust passage 70 is damaged if the oxygen
concentration detected by the oxygen concentration de-
tector 22 is lower than a second oxygen concentration
C2, which is the lowest value in an oxygen concentration
range in the exhaust passage 70 in a case where the
power generation system 100 is operating and the ex-
haust passage 70 is not damaged. Alternatively, the sec-
ond oxygen concentration C2 may be a value obtained
by subtracting a predetermined concentration from the
lowest value in an oxygen concentration range in the ex-
haust passage 70, the oxygen concentration range being
detected by the oxygen concentration detector 22 when
the combustor 14b is not performing combustion (e.g.,
when only the ventilation fan 13 is operating while the
power generation system 100 is stopped).

[0115] In a case where the oxygen concentration de-
tector 22 is provided at the exhaust passage 70, if the
exhaust passage 70 is severely damaged at a portion
upstream from the oxygen concentration detector 22 (at
the same time as the air supply passage 78 is damaged),
for example, if the exhaust passage 70 is completely di-
vided into parts as an extreme example, then the oxygen
concentration detector 22 detects the atmospheric oxy-
gen concentration.

[0116] Therefore, the controller 102 may determine
that the exhaust passage 70 is damaged if the oxygen
concentration detected by the oxygen concentration de-
tector 22 is higher than a third oxygen concentration C3,
which is higher than the second oxygen concentration
C2. Here, the third oxygen concentration C3 may be the
highest value in the oxygen concentration range in the
exhaust passage 70 in the case where the power gen-
eration system 100 is operating and the exhaust passage
70 is not damaged. Alternatively, the third oxygen con-
centration C3 may be a value obtained by subtracting a
predetermined concentration from the highest value in
the oxygen concentration range in the exhaust passage
70, the oxygen concentration range being detected by
the oxygen concentration detector 22 when the combus-
tor 14b is not performing combustion (e.g., when only the
ventilation fan 13 is operating while the power generation
system 100 is stopped).

[0117] Thatis, in a case where the oxygen concentra-
tion detector 22 is disposed in the exhaust passage 70,
the controller 102 may measure an oxygen concentration
range in the exhaust passage 70 while the power gen-
eration system 100 is operating with no damage to the
exhaust passage 70 and the air supply passage 78. Then,
the controller 102 can determine that the exhaust pas-
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sage 70 is damaged if the oxygen concentration detector
22 detects an oxygen concentration out of the oxygen
concentration range.

[Variation 2]

[0118] A power generation system according to Vari-
ation 2 serves as an example where the damage detector
is configured as a carbon monoxide concentration de-
tector, and the controller determines that the exhaust
passage is damaged if a carbon monoxide concentration
detected by the carbon monoxide concentration detector
is higher than or equal to a preset first carbon monoxide
concentration.

[Configuration of Power Generation System]

[0119] Fig. 7 is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 2 of Embodiment 2.

[0120] As shown in Fig. 7, the fundamental configura-
tion of the power generation system 100 according to
Variation 2 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 2 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 2, a carbon monoxide
concentration detector 25 instead of the pressure detec-
tor 21 is provided at the air supply passage 78. It should
be noted that the carbon monoxide concentration detec-
tor 25 may be configured in any form, so long as the
carbon monoxide concentration detector 25 is configured
to detect a carbon monoxide concentration in the air sup-
ply passage 78. A device used as the carbon monoxide
concentration detector 25 is not particularly limited.
[0121] Although in Variation 2 the carbon monoxide
concentration detector 25 is disposed in the air supply
passage 78, Variation 2 is not limited to this. Alternatively,
the detector’s sensor part may be disposed inside the air
supply passage 78 and the other parts of the detector
may be disposed outside the air supply passage 78. Fur-
ther alternatively, the carbon monoxide concentration de-
tector 25 may be disposed in the exhaust passage 70 or
in the casing 12.

[Operation of Power Generation System]

[0122] Fig. 8 is a flowchart schematically showing a
damage detection operation of the power generation sys-
tem according to Variation 2 of Embodiment 2.

[0123] As shown in Fig. 8, the fundamental part of the
damage detection operation of the power generation sys-
tem 100 according to Variation 2 of Embodiment 2 is the
same as that of the damage detection operation of the
power generation system 100 according to Embodiment
1. However, the damage detection operation according
to Variation 2 of Embodiment 2 is different from the dam-
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age detection operation according to Embodiment 1, in
that the damage detection operation according to Varia-
tion 2 of Embodiment 2 performs step S101C and step
S 102C instead of step S101 and step S102 of Embod-
iment 1.

[0124] Specifically, the controller 102 obtains a carbon
monoxide concentration C in the air supply passage 78,
which is detected by the carbon monoxide concentration
detector 25 (step S101C). Next, the controller 102 deter-
mines whether the carbon monoxide concentration C ob-
tained in step S101C is higher than a first carbon mon-
oxide concentration C1 (step S102C).

[0125] Here, the first carbon monoxide concentration
C1 may be set in the following manner: for example, the
range of concentration of CO produced when imperfect
combustion occurs in the combustor 14b due to damage
to the exhaust passage 70 is obtained through an exper-
iment or the like in advance; and then the lowest value
in the obtained CO concentration range may be set as
the first carbon monoxide concentration C1.

[0126] The first carbon monoxide concentration C1
varies depending on the lowest detectable concentration
of the carbon monoxide concentration detector 25 to be
used. It is preferred that the first carbon monoxide con-
centration C1 is set to be in a range from several ppm to
several hundred ppm, and to be close to the lowest de-
tectable concentration of the carbon monoxide concen-
tration detector 25 to be used. Alternatively, the first car-
bon monoxide concentration C1 may be 1000 ppm.
[0127] Further alternatively, the first carbon monoxide
concentration C1 may be set in the following manner: a
carbon monoxide concentration detected by the carbon
monoxide concentration detector 25 when the combustor
14b is not performing combustion (e.g., when only the
ventilation fan 13 is operating while the power generation
system 100 is stopped) is stored as zero carbon monox-
ide concentration; and a value obtained by adding a pre-
determined concentration to the zero carbon monoxide
concentration may be set as the first carbon monoxide
concentration C1. In this case, erroneous detection can
be suppressed even if there occurs a deviation between
a carbon monoxide concentration detected by the carbon
monoxide concentration detector 25 and an actual car-
bon monoxide concentration due to, for example, long-
term use of the carbon monoxide concentration detector
25.

[0128] It should be noted that the predetermined con-
centration varies depending on the carbon monoxide
concentration detection accuracy of the carbon monox-
ide concentration detector to be used. Therefore, it is
preferred that the value of the predetermined concentra-
tion is set in accordance with the carbon monoxide con-
centration detector to be used, and that the value is set
within a range that does not cause erroneous detection.
For example, in a case where the accuracy of the carbon
monoxide concentration detectoris =0.5 %, then the first
carbon monoxide concentration C1 may be set to +1%
from the above detected carbon monoxide concentra-
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tion.

[0129] If the carbon monoxide concentration C ob-
tained in step S101C is lower than or equal to the first
carbon monoxide concentration C 1 (No in step S 102C),
the controller 102 returns to step S101C and repeats step
S101C and step S102C until the carbon monoxide con-
centration C obtained in step S101C becomes higher
than the first carbon monoxide concentration C1. On the
other hand, if the carbon monoxide concentration C ob-
tained in step S101C is higher than the first carbon mon-
oxide concentration C1 (in other words, if the carbon
monoxide concentration C obtained in step S101C is out
of the range of the first carbon monoxide concentration
C1) (Yes in step S102C), the controller 102 proceeds to
step S103. In step S103, the controller 102 stops the
operation of the power generation system 100.

[0130] The power generation system 100 according to
Variation 2 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0131] In the power generation system 100 according
to Variation 2, the controller 102 determines whether the
exhaust passage 70 is damaged, based on whether the
carbon monoxide concentration in the air supply passage
78 thatis detected by the carbon monoxide concentration
detector 25 is higher than the first carbon monoxide con-
centration C1. However, Variation 2 is not limited to this.
For example, the controller 102 may be configured to
determine that the exhaust passage 70 is damaged if a
difference AC between the carbon monoxide concentra-
tion C detected by the carbon monoxide concentration
detector 25 before a predetermined time and the carbon
monoxide concentration C detected by the carbon mon-
oxide concentration detector 25 after the predetermined
time is lower than a predetermined threshold concentra-
tion AC1 which is obtained from an experiment or the like
in advance.

[Variation 3]

[0132] A power generation system according to Vari-
ation 3 serves as an example where the damage detector
is configured as a carbon dioxide concentration detector,
and the controller determines that the exhaust passage
is damaged either: in a case where the carbon dioxide
concentration detector is provided in the casing or at the
air supply passage and a carbon dioxide concentration
detected by the carbon dioxide concentration detector is
higher than a preset first carbon dioxide concentration;
or in a case where the carbon dioxide concentration de-
tector is provided at the exhaust passage and a carbon
dioxide concentration detected by the carbon dioxide
concentration detector is lower than a preset second car-
bon dioxide concentration, and in a case where the car-
bon dioxide concentration detector is provided at the ex-
haust passage and a carbon dioxide concentration de-
tected by the carbon dioxide concentration detector is
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higher than a third carbon dioxide concentration which
is higher than the second carbon dioxide concentration.

[Configuration of Power Generation System]

[0133] Fig. 9 is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 3 of Embodiment 2.

[0134] As shownin Fig. 9, the fundamental configura-
tion of the power generation system 100 according to
Variation 3 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 3 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 3, a carbon dioxide con-
centration detector 26 instead of the pressure detector
21 is provided at the air supply passage 78. It should be
noted that the carbon dioxide concentration detector 26
may be configured in any form, so long as the carbon
dioxide concentration detector 26 is configured to detect
a carbon dioxide concentration in the air supply passage
78. A device used as the carbon dioxide concentration
detector 26 is not particularly limited.

[0135] Although in Variation 3 the carbon dioxide con-
centration detector 26 is disposed in the air supply pas-
sage 78, Variation 3 is not limited to this. Alternatively,
the detector’s sensor part may be disposed inside the air
supply passage 78 and the other parts of the detector
may be disposed outside the air supply passage 78. Al-
though in Variation 3 the carbon dioxide concentration
detector 26 may be provided at any position in the air
supply passage 78, itis preferred that the carbon dioxide
concentration detector 26 is provided in the downstream
side portion of the air supply passage 78 from the stand-
point of facilitating the detection of damage to the exhaust
passage 70.

[Operation of Power Generation System]

[0136] Fig. 10 is a flowchart schematically showing a
damage detection operation of the power generation sys-
tem according to Variation 3 of Embodiment 2.

[0137] As shown in Fig. 10, the fundamental part of
the damage detection operation of the power generation
system 100 according to Variation 3 of Embodiment 2 is
the same as that of the damage detection operation of
the power generation system 100 according to Embodi-
ment 1. However, the damage detection operation ac-
cording to Variation 3 of Embodiment 2 is different from
the damage detection operation according to Embodi-
ment 1, in that the damage detection operation according
to Variation 3 of Embodiment 2 performs step S101D and
step S102D instead of step S101 and step S102 of Em-
bodiment 1.

[0138] Specifically, the controller 102 obtains a carbon
dioxide concentration C in the air supply passage 78,
which is detected by the carbon dioxide concentration
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detector 26 (step S101D). Next, the controller 102 deter-
mines whether the carbon dioxide concentration C ob-
tained in step S101D is higher than a first carbon dioxide
concentration C1 (step S102D).

[0139] The first carbon dioxide concentration C1 here-
in may be set, for example, as a carbon dioxide concen-
tration range in the air supply passage 78 in a case where
the power generation system 100 is operating and the
exhaust passage 70 is not damaged, or as the highest
value in the concentration range.

[0140] Alternatively, the first carbon dioxide concen-
tration C1 may be set as a value obtained by adding a
predetermined concentration to the carbon dioxide con-
centration in the air supply passage 78 that is detected
by the carbon dioxide concentration detector 26 when
the combustor 14b is not performing combustion (e.g.,
when only the ventilation fan 13 is operating while the
power generation system 100 is stopped). In this case,
erroneous detection can be suppressed even if there oc-
curs a deviation between a carbon dioxide concentration
detected by the carbon dioxide concentration detector
26 and an actual carbon dioxide concentration due to,
for example, long-term use of the carbon dioxide con-
centration detector 26. It should be noted that the prede-
termined concentration varies depending on the carbon
dioxide concentration detection accuracy of the carbon
dioxide concentration detector to be used. Therefore, it
is preferred that the value of the predetermined concen-
tration is set in accordance with the carbon dioxide con-
centration detector to be used, and that the value is set
within a range that does not cause erroneous detection.
For example, in a case where the accuracy of the carbon
dioxide concentration detector is =0.5%, then the first
carbon dioxide concentration C1 may be set to +1% from
the carbon dioxide concentration detected during the
aforementioned standard period.

[0141] If the carbon dioxide concentration C obtained
in step S101D is lower than or equal to the first carbon
dioxide concentration C1 (No in step S102D), the con-
troller 102 returns to step S 101 D and repeats step
S101D and step S 102D until the carbon dioxide concen-
tration C obtained in step S101D becomes higher than
the carbon dioxide concentration C1. On the other hand,
if the carbon dioxide concentration C obtained in step
S101D is higher than the first carbon dioxide concentra-
tion C1 (in other words, if the carbon dioxide concentra-
tion C obtained in step S101D is out of the range of the
first carbon dioxide concentration C1) (Yes in step
S102D), the controller 102 proceeds to step S103. In step
S103, the controller 102 stops the operation of the power
generation system 100.

[0142] The power generation system 100 according to
Variation 3 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0143] Inthe power generation system 100 according
to Variation 3, the controller 102 determines whether the
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exhaust passage 70 is damaged, based on whether the
carbon dioxide concentration in the air supply passage
78 that is detected by the carbon dioxide concentration
detector 26 is higher than the first carbon dioxide con-
centration C1. However, Variation 3 is not limited to this.
For example, the controller 102 may be configured to
determine that the exhaust passage 70 is damaged if a
difference AC between the carbon dioxide concentration
C detected by the carbon dioxide concentration detector
26 before a predetermined time and the carbon dioxide
concentration C detected by the carbon dioxide concen-
tration detector 26 after the predetermined time is higher
than a predetermine threshold concentration AC1 which
is obtained from an experiment or the like in advance.
[0144] Although in Variation 3 the carbon dioxide con-
centration detector 26 is provided at the air supply pas-
sage 78, Variation 3 is not limited to this. Alternatively,
the carbon dioxide concentration detector 26 may be pro-
vided in the casing 12. Also in this case, the controller
102 can detect damage to the exhaust passage 70 in the
same manner as described above.

[0145] Moreover, although in Variation 3 the oxygen
concentration detector 22 is provided at the air supply
passage 78, Variation 3 is not limited to this. Further al-
ternatively, the carbon dioxide concentration detector 26
may be provided at the exhaust passage 70. In this case,
when the exhaust passage 70 becomes damaged, the
exhaust gas from the power generation system 100 is
supplied back into the power generation system 100 (the
casing 12) through the air supply passage 78. For this
reason, the carbon dioxide concentration in air supplied
to the fuel cell 11 and the combustion fan 14c, and the
carbon dioxide concentration in air sent from the venti-
lation fan 13, increase, and the carbon dioxide concen-
tration in the exhaust gas from the power generation sys-
tem 100 that is discharged to the exhaust passage 70
increases.

[0146] Therefore, the controller 102 may determine
that the exhaust passage 70 is damaged if the carbon
dioxide concentration detected by the carbon dioxide
concentration detector 26 is higher than a third carbon
dioxide concentration C3, which is the highest value in a
carbon dioxide concentration range in the exhaust pas-
sage 70 in a case where the power generation system
100 is operating and the exhaust passage 70 is not dam-
aged. Alternatively, the third carbon dioxide concentra-
tion C3 may be a value obtained by adding a predeter-
mined concentration to the highest value in a carbon di-
oxide concentration range in the exhaust passage 70,
the carbon dioxide concentration range being detected
by the carbon dioxide concentration detector 26 when
the combustor 14b is not performing combustion (e.g.,
when only the ventilation fan 13 is operating while the
power generation system 100 is stopped).

[0147] In a case where the carbon dioxide concentra-
tion detector 26 is provided at the exhaust passage 70,
if the exhaust passage 70 is severely damaged at a por-
tion upstream from the carbon dioxide concentration de-
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tector 26 (at the same time as the air supply passage 78
is damaged), for example, if the exhaust passage 70 is
completely divided into parts as an extreme example,
then the carbon dioxide concentration detector 26 de-
tects the atmospheric carbon dioxide concentration.
[0148] Therefore, the controller 102 may determine
that the exhaust passage 70 is damaged if the carbon
dioxide concentration detected by the carbon dioxide
concentration detector 26 is lower than a second carbon
dioxide concentration C2, which is lower than the third
carbon dioxide concentration C2. Here, the second car-
bon dioxide concentration C2 may be the lowest value
in the carbon dioxide concentration range in the exhaust
passage 70 in the case where the power generation sys-
tem 100 is operating and the exhaust passage 70 is not
damaged. Alternatively, the second carbon dioxide con-
centration C2 may be a value obtained by adding a pre-
determined concentration to the lowest value in the car-
bon dioxide concentration range in the exhaust passage
70, the carbon dioxide concentration range being detect-
ed by the carbon dioxide concentration detector 26 when
the combustor 14b is not performing combustion (e.g.,
when only the ventilation fan 13 is operating while the
power generation system 100 is stopped).

[0149] Thatis, in acase where the carbon dioxide con-
centration detector 26 is disposed in the exhaust passage
70, the controller 102 may measure a carbon dioxide
concentration range in the exhaust passage 70 while the
power generation system 100 is operating with no dam-
age to the exhaust passage 70 and the air supply pas-
sage 78. Then, the controller 102 can determine that the
exhaust passage 70 is damaged if the carbon dioxide
concentration detector 26 detects a carbon dioxide con-
centration out of the oxygen concentration range.

[Variation 4]

[0150] A power generation system according to Vari-
ation 4 serves as an example where a downstream end
of the air supply passage is either connected to an air
inlet of the casing or open to an interior of the casing,
and the damage detector is provided near the down-
stream end of the air supply passage.

[Configuration of Power Generation System]

[0151] Fig. 11is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 4 of Embodiment 2.

[0152] As shown in Fig. 11, the fundamental configu-
ration of the power generation system 100 according to
Variation 4 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 4 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 4, the carbon monoxide
concentration detector 25 instead of the pressure detec-
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tor 21 is provided near the downstream end of the air
supply passage 78. To be more specific, the power gen-
eration system 100 according to Variation 4 is different
from the power generation system 100 according to Em-
bodiment 2 in terms of the following points: the upstream
end of the air feed passage (combustion air feed pas-
sage) 79 is positioned near the downstream end of the
air supply passage 78; and the carbon monoxide con-
centration detector 25 is provided at the air feed passage
79.

[0153] Specifically, in the power generation system
100 according to Variation 4, the combustion fan (com-
bustion air feeder) 14c is provided along the air feed pas-
sage 79, and the carbon monoxide concentration detec-
tor 25 is provided near the upstream end of the air feed
passage 79.

[0154] As mentioned above, while the power genera-
tion system 100 is operating and a high-temperature ex-
haust gas is being discharged, the combustor 14b is per-
forming combustion. If the exhaust passage 70 is dam-
aged and the high-temperature exhaust gas flows re-
versely into the casing 12, then the exhaust gas that has
reversely flowed into the casing 12 is partially supplied
by the combustion fan 14c to the combustor 14b through
the air feed passage 79. If the exhaust gas that has re-
versely flowed into the casing 12 is supplied to the com-
bustor 14b, there is a risk that imperfect combustion oc-
curs, and thereby carbon monoxide is produced. The
combustion fan 14cis operating also when a reverse flow
into the casing 12 occurs again, in which a high-temper-
ature exhaust gas containing the produced carbon mon-
oxide flows reversely into the casing 12. Accordingly, the
exhaust gas is supplied to the combustor 14b through
the air feed passage 79. Therefore, in the power gener-
ation system 100 according to Variation 4, the carbon
monoxide concentration detector 25 is disposed at the
air feed passage 79, and this makes it possible to detect
the carbon monoxide concentration in the exhaust gas
and to determine whether the exhaust passage 70 is
damaged. Since the damage detection operation of de-
tecting damage to the exhaust passage 70, which is per-
formed by the controller 102, is performed in the same
manner as in the power generation system 100 according
to Variation 2, a detailed description of the damage de-
tection operation is omitted.

[0155] The power generation system 100 according to
Variation 4 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0156] In the power generation system 100 according
to Variation 4, the downstream end of the air feed pas-
sage 79 is disposed at a position that is closer to the
downstream end of the air supply passage 78 than to the
downstream end of the ventilation passage 75. This fa-
cilitates that the exhaust gas that flows reversely is sup-
plied to the combustor 14b through the air feed passage
79, and thereby allows the power generation system 100
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according to Variation 4 to detect damage to the exhaust
passage 70 more promptly:

[0157] Further, in the power generation system 100
according to Variation 4, the downstream end of the air
feed passage 79 is disposed at a position that is closer
to the downstream end of the air supply passage 78 than
to the downstream end of the oxidizing gas supply pas-
sage 72. This facilitates that the exhaust gas that flows
reversely is supplied to the combustor 14b through the
air feed passage 79, and thereby allows the power gen-
eration system 100 according to Variation 4 to detect
damage to the exhaust passage 70 more promptly.
[0158] Ifcarbon monoxide in the exhaustgas that flows
reversely is supplied to the fuel cell 11 through the oxi-
dizing gas supply passage 72, then there is a risk that
the catalyst in the fuel cell 11 degrades and the power
generation efficiency of the fuel cell 11 decreases. How-
ever, according to the above configuration, the carbon
monoxide tends to be supplied to the air feed passage
79 rather than to the fuel cell 11. Therefore, the carbon
monoxide can be detected more promptly. Accordingly,
inthe case of the power generation system 100 according
to Variation 4, the operation of the power generation sys-
tem 100 can be stopped before the carbon monoxide is
supplied to the fuel cell 11, and a decrease in the power
generation efficiency of the fuel cell 11 can be sup-
pressed.

[0159] Although in the power generation system 100
according to Variation 4 the carbon monoxide concen-
tration detector 25 is provided at the air feed passage
79, Variation 4 is not limited to this. As an alternative
example, the downstream end of the oxidizing gas supply
passage 72 may be positioned near the downstream end
of the air supply passage 78, and the carbon monoxide
concentration detector 25 may be provided near the
downstream end of the oxidizing gas supply passage 72.
As another alternative example, the downstream end of
the ventilation passage 75 may be positioned near the
downstream end of the air supply passage 78, and the
carbon monoxide concentration detector 25 may be pro-
vided near the downstream end of the ventilation pas-
sage 75.

[0160] However, it is preferred to provide the carbon
monoxide concentration detector 25 in the air feed pas-
sage 79 for the reasons described below.

[0161] For example, the oxidizing gas supply device
15 does not operate during the start-up, which is per-
formed over a period from the start of the operation of
the power generation system 100 until the start of the
electric power generation by the fuel cell 11. During the
start-up, the temperature of the reformer 14ais increased
by performing combustion in the combustor 14b so that
the reformer 14a can generate hydrogen in an amount
that is necessary for the electric power generation by the
fuel cell 11. Accordingly, a high-temperature exhaust gas
is discharged during the start-up.

[0162] That is, the high-temperature exhaust gas is
discharged during the start-up in which the oxidizing gas
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supply device 15 does not operate. For this reason, if the
exhaust passage 70 is damaged during the start-up,
there is a possibility that the high-temperature exhaust
gas flows reversely into the casing 2. In addition, similar
to the oxidizing gas supply device 15, the ventilation fan
13 does not necessarily operate while the high-temper-
ature exhaust gas is being discharged.

[0163] Meanwhile, the combustion fan 14c is required
to continue sucking combustion air from the interior of
the casing 12 in order to continue the combustion in the
combustor 14b. If the flow rate of the combustion air falls
below a predetermined flow rate, then the combustion in
the combustor 14b cannot be continued and the dis-
charging of the high-temperature gas is stopped. That is,
when the high-temperature gas is being discharged, it
means that the combustion air (i.e., gas in the casing 12)
is being supplied to the combustor 14b at the predeter-
mined flow rate or higher. Accordingly, by providing the
carbon monoxide concentration detector 25 at the air
feed passage 79, carbon monoxide produced in the com-
bustor 14b can be detected more promptly.

[0164] The power generation system 100 according to
Variation 4 includes the carbon monoxide concentration
detector 25, and determines whether the exhaust pas-
sage 70 is damaged, based on a carbon monoxide con-
centration detected by the carbon monoxide concentra-
tion detector 25. However, Variation 4 is not limited to
this. As an alternative example, the power generation
system 100 according to Variation 4 may include the ox-
ygen concentration detector 22 instead of the carbon
monoxide concentration detector 25. In this case, dam-
age to the exhaust passage 70 can be detected in the
same manner as in the power generation system 100
according to Variation 1. As another alternative example,
the power generation system 100 according to Variation
4 may include the carbon dioxide concentration detector
26 instead of the carbon monoxide concentration detec-
tor 25. In this case, damage to the exhaust passage 70
can be detected in the same manner as in the power
generation system 100 according to Variation 3.

[Variation 5]

[0165] A power generation system according to Vari-
ation 5 of Embodiment 2 of the present invention serves
as an example where the damage detector is configured
as a temperature detector, and the controller determines
that the exhaust passage is damaged if a temperature
detected by the temperature detector is higher than a
preset first temperature or lower than a second temper-
ature which is lower than the first temperature.

[Configuration of Power Generation System]

[0166] Fig. 12is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 5 of Embodiment 2.

[0167] As shown in Fig. 12, the fundamental configu-
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ration of the power generation system 100 according to
Variation 5 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 5 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 5, a temperature detector
23 instead of the pressure detector 21 is provided at the
air supply passage 78. It should be noted that the tem-
perature detector 23 may be configured in any form, so
long as the temperature detector 23 is configured to de-
tect a temperature in the air supply passage 78. A device
used as the temperature detector 23 is not particularly
limited. Although in Variation 2 the temperature detector
23 is disposed in the air supply passage 78, Variation 5
is not limited to this. The detector’s sensor part may be
disposed inside the air supply passage 78 and the other
parts of the detector may be disposed outside the air
supply passage 78.

[Operation of Power Generation System]

[0168] In Fig. 12, if the exhaust passage 70 becomes
damaged at a portion that is upstream from a portion, of
the exhaust passage 70, at which the temperature de-
tector 23 is disposed, then a temperature detected by
the temperature detector 23 after the occurrence of the
damage to the exhaust passage 70 is expected to be
higher than a temperature detected by the temperature
detector 23 before the occurrence of the damage to the
exhaust passage 70. Accordingly, the controller 102 can
determine that the exhaust passage 70 is damaged if the
pressure detected by the temperature detector 23 is high-
er than a first temperature, which is the highest value in
atemperature range in the exhaust passage 70 in a case
where the power generation system 100 is operating and
the exhaust passage 70 is not damaged.

[0169] Ifthe exhaust passage 70 is completely divided
into parts and severely damaged, the flow rate of the
exhaust gas from the power generation system 100 in-
creases, and the flow rate of the gas (air) flowing through
the air supply passage 78 increases. Accordingly, the
temperature detected by the temperature detector 23
provided at the air supply passage 78 is expected to de-
crease. Further, the temperature of the gas (air) flowing
through the air supply passage 78 increases when ex-
changing heat with the gas flowing through the exhaust
passage 70. However, for example, if both of the exhaust
passage 70 and the air supply passage 78 become dam-
aged, it is expected that the temperature of the gas (air)
flowing through the air supply passage 78 does not in-
crease.

[0170] Accordingly, the controller 102 can determine
that the exhaust passage 70 is damaged if the temper-
ature detected by the temperature detector 23 is lower
than a second temperature, which is the lowest value in
the temperature range in the exhaust passage 70 in the
case where the power generation system 100 is operat-
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ing and the exhaust passage 70 is not damaged.
[0171] That is, the controller 102 can determine that
the exhaust passage 70 is damaged if the temperature
detected by the temperature detector 23 is out of a pre-
determined temperature range that is set in advance.
Hereinafter, a damage detection operation of the power
generation system 100, which the controller 102 per-
forms based on a temperature detected by the temper-
ature detector 23, is described with reference to Fig. 13.
[0172] Fig. 13is aflowchart schematically showing the
damage detection operation of the power generation sys-
tem according to Variation 5 of Embodiment 2.

[0173] As shown in Fig. 13, the fundamental part of
the damage detection operation of the power generation
system 100 according to variation 5 of Embodiment 2 is
the same as that of the damage detection operation of
the power generation system 100 according to Embodi-
ment 1. However, the damage detection operation ac-
cording to Variation 5 of Embodiment 2 is different from
the damage detection operation according to Embodi-
ment 1, in that the damage detection operation according
to Variation 5 of Embodiment 2 performs step S101B and
step S 1 02B instead of step S101 and step S 102 of
Embodiment 1.

[0174] Specifically, the controller 102 obtains a tem-
perature T in the air supply passage 78, which is detected
by the temperature detector 23 (step S101B). Next, the
controller 102 determiners whether the temperature T
obtained in step S101B is lower than a second temper-
ature T2 or higher than a first temperature T1, or neither
(step S102B).

[0175] Here, the first temperature T1 may be setin the
following manner: for example, a temperature range in
the air supply passage 78 when the exhaust passage 70
is damaged is obtained through an experiment or the like
in advance; and then the highest temperature in the tem-
perature range may be set as the first temperature T1.
As an alternative example, a temperature that is, for ex-
ample, 20 °C higher than the internal temperature of the
building 200 or than the external temperature may be set
as the first temperature T1. Similarly, the second tem-
perature T2 may be set in the allowing manner: for ex-
ample, the temperature range in the air supply passage
78 when the exhaust passage 70 is damaged is obtained
through an experiment or the like in advance; and then
the lowest temperature in the temperature range may be
set as the second temperature T2. As an alternative ex-
ample, a temperature that is, for example, 20°C lower
than the internal temperature of the building 200 or than
the external temperature may be set as the second tem-
perature T2.

[0176] If the temperature T obtained in step S 101 B
is neither lower than the second temperature T2 nor high-
er than the first temperature T1 (No in step S102B), the
controller 102 returns to step S101B and repeats step
S101B and step S102B until the temperature T becomes
lower than the second temperature T2 or higher than the
first temperature T1. On the other hand, if the tempera-
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ture T obtained in step S101B is lower than the second
temperature T2 or higher than the first temperature T1
(Yes in step S102B), then the controller 102 proceeds to
step S103. In step S103, the controller 102 stops the
operation of the power generation system 100.

[0177] The power generation system 100 according to
Variation 5 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0178] In Variation 5, the temperature detector 23 is
provided at the air supply passage 78, and it is deter-
mined whether the exhaust passage 70 is damaged
based on the determination whether the temperature T
detected by the temperature detector 23 is lower than
the second temperature T2 or higher than the first tem-
perature T1, or neither. However, Variation 5 is not limited
to this.

[0179] For example, the controller 102 may be config-
ured to determine whether the exhaust passage 70 is
damaged, by determining whether a difference AT be-
tween the temperature T detected by the temperature
detector 23 before a predetermined time and the tem-
perature T detected by the temperature detector 23 after
the predetermined time is lower than a second threshold
temperature AT2 which is obtained from an experiment
or the like in advance or higher than a first threshold tem-
perature AT1 which is higher than the second threshold
temperature, or neither. The reason for this is described
below.

[0180] Described first is a case where AT becomes
lower than the second threshold temperature AT2 which
is obtained through an experiment or the like in advance.
[0181] For example, during the start-up of the fuel cell
system 101, the combustor 14b is operated to increase
the temperature of the reformer 14a to such a tempera-
ture as to allow the reforming reaction to occur. Accord-
ingly, the temperature of a flue gas discharged to the
exhaust passage 70 increases gradually. This causes
the temperature of the air supply passage 78, which ex-
changes heat with the exhaust passage 70, to increase
gradually. In this case, the temperature detected by the
temperature detector 23 is also expected to increase
gradually.

[0182] However, if the exhaust passage 70 becomes
damaged at a portion that is upstream from a portion, of
the exhaust passage 70, at which the temperature de-
tector 23 is provided, then the flue gas is ejected from
the damaged portion. As a result, the exhaust passage
70 does not exchange heat with the downstream portion
of the air supply passage 78. For this reason, the tem-
perature of the air supply passage 78 does not increase,
which results in AT being lower than the second threshold
temperature AT2. Therefore, the controller 102 can de-
termine that the exhaust passage 70 is damaged if the
difference AT between the temperature T detected by
the temperature detector 23 before the predetermined
time and the temperature T detected by the temperature
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detector 23 after the predetermined time is lower than
the second threshold temperature AT2 which is obtained
through an experiment or the like in advance.

[0183] Described next is a case where AT becomes
higher than the first threshold temperature AT1.

[0184] For example, during the start-up of the fuel cell
system 101, the combustor 14b is operated to increase
the temperature of the reformer 14a to such a tempera-
ture as to allow the reforming reaction to occur. Accord-
ingly, the temperature of the flue gas discharged to the
exhaust passage 70 increases gradually. This causes
the temperature of the air supply passage 78, which ex-
changes heat with the exhaust passage 70, to increase
gradually. In this case, the temperature detected by the
temperature detector 23 is expected to increase gradu-
ally.

[0185] However, if the exhaust passage 70 becomes
damaged at a portion downstream from the portion, of
the exhaust passage 70, at which the temperature de-
tector 23 is provided, then the flue gas directly flows into
the air supply passage 78 from the damaged portion. As
a result, the temperature detected by the temperature
detector 23 increases rapidly. For this reason, AT be-
comes higher than the first threshold temperature AT1.
Therefore, the controller 102 can determine that the ex-
haust passage 70 is damaged if the difference AT be-
tween the temperature T detected by the temperature
detector 23 before the predetermined time and the tem-
perature T detected by the temperature detector 23 after
the predetermined time is higher than the first threshold
temperature AT 1.

[0186] Although in Variation 5 the temperature detec-
tor 23 is disposed at the air supply passage 78, Variation
5 is not limited to this. Alternatively, the temperature de-
tector 23 may be disposed at the exhaust passage 70.
[0187] Inthiscase, forexample, ifthe exhaust passage
70is completely divided into parts and severely damaged
at its middle portion, then it is expected that the flow rate
of the exhaust gas from the power generation system
100 increases and the temperature detected by the tem-
perature detector 23 decreases. For this reason, the con-
troller 102 may determine that the exhaust passage 70
is damaged if the temperature detected by the tempera-
ture detector 23 is lower than a third temperature T3
which is set in advance. Here, the third temperature T3
may be set in the following manner: for example, a tem-
perature range in the exhaust passage 70 when the ex-
haust passage 70 is not damaged is obtained through
an experiment or the like in advance; and then the lowest
temperature in the temperature range may be set as the
third temperature T3.

[0188] The gas flowing through the exhaust passage
70 exchanges heat with the gas flowing through the air
supply passage 78, and the temperature of the gas flow-
ing through the exhaust passage 70 decreases, accord-
ingly. However, if the exhaust passage 70 becomes dam-
aged and the gas flowing through the exhaust passage
70 leaks to the air supply passage 78, then the temper-
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ature of the gas flowing through the air supply passage
78 increases and the amount of heat transferred from
the gas flowing through the exhaust passage 70 to the
gas flowing through the air supply passage 78 decreases.
Therefore, if the temperature detector 23 is disposed up-
stream from the damaged portion of the exhaust passage
70, the temperature detected by the temperature detector
23 is expected to increase.

[0189] Thus, the controller 102 may determine that the
exhaust passage 70 is damaged if the temperature de-
tected by the temperature detector 23 is higher than a
fourth temperature T4 which is set in advance. Here, the
fourth temperature T4 may be setin the following manner:
for example, the temperature range in the exhaust pas-
sage 70 when the exhaust passage 70 is not damaged
is obtained through an experiment or the like in advance;
and then the highest temperature in the temperature
range may be set as the fourth temperature T4.

[0190] Thatis, atemperature range inthe exhaustpas-
sage 70 orin the air supply passage 78 may be measured
while the power generation system 100 is operating with
no damage to the exhaust passage 70 and the air supply
passage 78, and if the temperature detector 23 detects
atemperature out of the temperature range, the controller
102 can determine that the exhaust passage 70 is dam-
aged.

[Variation 6]

[0191] A power generation system according to Vari-
ation 6 of Embodiment 2 of the present invention serves
as an example where the damage detector is a combus-
tible gas detector provided at the air supply passage or
in the casing, and the controller determines that the ex-
haust passage is damaged if the combustible gas detec-
tor detects a combustible gas while the operation of the
fuel cell system is stopped.

[Configuration of Power Generation System]

[0192] Fig. 14is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 6 of Embodiment 2.

[0193] As shown in Fig. 14, the fundamental configu-
ration of the power generation system 100 according to
Variation 6 is the same as that of the power generation
system 100 according to Embodiment 2. However, the
power generation system 100 according to Variation 6 is
different from the power generation system 100 accord-
ing to Embodiment 2 in that, in the power generation sys-
tem 100 according to Variation 6, a combustible gas de-
tector 24 instead of the pressure detector 21 is provided
at the air supply passage 78. It should be noted that the
combustible gas detector 24 may be configured in any
form, so long as the combustible gas detector 24 is con-
figured to detect the concentration of a combustible gas
(e.g., a raw material such as hydrogen or methane) in
the air supply passage 78. A device used as the com-
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bustible gas detector 24 is not particularly limited. The
combustible gas to be detected by the combustible gas
detector 24 may be either a single kind of combustible
gas or multiple kinds of combustible gas.

[0194] Althoughin Variation 6 the combustible gas de-
tector 24 is disposed in the air supply passage 78, Var-
iation 6 is not limited to this. Alternatively, the detector’s
sensor part may be disposed inside the air supply pas-
sage 78 and the other parts of the detector may be dis-
posed outside the air supply passage 78. Although in
Variation 6 the combustible gas detector 24 may be pro-
vided at any position in the air supply passage 78, it is
preferred that the combustible gas detector 24 is provid-
ed in the downstream side portion of the air supply pas-
sage 78 from the standpoint of facilitating the detection
of damage to the exhaust passage 70. Further alterna-
tively, the combustible gas detector 24 may be disposed
in the casing 12.

[Operation of Power Generation System]

[0195] Fig. 15 is a flowchart schematically showing a
damage detection operation of the power generation sys-
tem according to Variation 6 of Embodiment 2.

[0196] As shown in Fig. 15, the damage detection op-
eration of the power generation system 100 according to
Variation 6 of Embodiment 2 is different from the damage
detection operation of the power generation system 100
according to Embodiment 1, in that the power generation
system 100 according to Variation 6 of Embodiment 2
performs the damage detection operation while the fuel
cell system 101 is stopped.

[0197] Specifically, while the power generation system
100is stopped, the controller 102 operates a raw material
supply device, which is not shown, and the combustion
fan 14c (step S201). Accordingly, a raw material from the
raw material supply device is supplied to the combustor
14b as a combustible gas. Air is also supplied to the com-
bustor 14b from the combustion fan 14c. The raw material
supplied to the combustor 14b is diluted with the air and
discharged to the exhaust passage 70 from the flue gas
passage 80. The raw material and air discharged to the
exhaust passage 70 flow through the exhaust passage
70, and are then discharged to the atmosphere from the
downstream end (opening) of the exhaust passage 70.
[0198] Next, the controller 102 obtains a combustible
gas concentration c in the air supply passage 78, which
is detected by the combustible gas detector 24 (step
S202). It should be noted that it is preferred that the con-
troller 102 obtains the concentration c after the raw ma-
terial is discharged from the downstream end of the ex-
haust passage 70 to the atmosphere, from the standpoint
of detecting damage to the exhaust passage 70 more
accurately. In this case, for example, the controller 102
may be configured to obtain, in advance, a time period
from when the raw material supply device is started to
when the raw material is discharged from the down-
stream end of the exhaust passage 70 to the atmosphere,
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and to obtain the combustible gas concentration c after
the time period has elapsed.

[0199] Next, the controller 102 determines whether or
not the concentration ¢ obtained in step S202 is higher
than or equal to a second concentration C2 (step S203).
Here, the second concentration C2 may be set in the
following manner: for example, a combustible gas con-
centration range in the air supply passage 78 when the
exhaust passage 70 is damaged is obtained through an
experiment or the like in advance; and then the obtained
combustible gas concentration range may be set as the
second concentration C2.

[0200] If the concentration ¢ obtained in step S202 is
lower than the second concentration C2 (No in step
S203), the controller 102 proceeds to step S205. On the
other hand, if the concentration c obtained in step S202
is higher than or equal to the second concentration C2
(Yes in step S203), the controller 102 proceeds to step
S204.

[0201] In step S204, the controller 102 prohibits the
start-up of the power generation system 100. That is, the
controller 102 prohibits the start-up of the fuel cell system
101 1 and the start-up of a combustion apparatus 103.
Then, the controller 102 stops the raw material supply
device and the combustion fan 14c (step S205), and ends
the program.

[0202] The power generation system 100 according to
Variation 6 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
2.

[0203] Although in Variation 6 the raw material supply
device is configured to supply the raw material to the
combustor 14b, Variation 6 is not limited to this. Alterna-
tively, the raw material supply device may be configured
to supply the raw material to the reformer 14a, such that
the raw material flows from the reformer 14 through the
fuel gas supply passage 71 and the like and is supplied
from the flue gas passage 80 to the exhaust passage 70.
Moreover, although in Variation 6 the combustion fan 14c
is operated to dilute the raw material that is supplied to
the exhaust passage 70, Variation 6 is not limited to this.
Alternatively, the ventilation fan 13 and/or the oxidizing
gas supply device 15 may be operated to dilute the raw
material that is supplied to the exhaust passage 70.
[0204] Furthermore, although in Variation 6 the dam-
age detection operation is performed while the power
generation system 100 (the fuel cell system 101) is
stopped, Variation 6 is not limited to this. For example,
the damage detection operation may be performed at the
start-up of the power generation system 100 (the fuel cell
system 101).

(Embodiment 3)
[0205] A power generation system according to Em-

bodiment 3 ofthe presentinvention serves as an example
where the power generation system further includes a
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combustion apparatus disposed outside the casing, and
the exhaust passage branches off into at least two pas-
sages such that upstream ends thereof are connected
to the combustion apparatus and the fuel cell system,
respectively.

[Configuration of Power Generation System]

[0206] Fig. 16is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Embodiment 3 of the present invention.
[0207] As shown in Fig. 16, the fundamental configu-
ration of the power generation system 100 according to
Embodiment 3 of the present invention is the same as
that of the power generation system 100 according to
Embodiment 2. However, the power generation system
100 according to Embodiment 3 is different from the pow-
er generation system 100 according to Embodiment 2,
in that the power generation system 100 according to
Embodiment 3 further includes a combustion apparatus
103 disposed outside the casing 12 and the exhaust pas-
sage 70 is configured to connect the casing 12 and the
combustion apparatus 103.

[0208] Specifically, the combustion apparatus 103 in-
cludes a combustor 17 and a combustion fan (combus-
tion air feeder) 18. The combustor 17 and the combustion
fan 18 are connected to each other via a combustion air
feed passage 76. The combustion fan 18 may be config-
ured in any form, so long as the combustion fan 18 is
configured to supply combustion air to the combustor 17.
For example, the combustion fan 18 may be configured
as a fan device such as a fan or a blower.

[0209] A combustion fuel supply device, which is not
shown, supplies the combustor 17 with a combustion fu-
el, for example, a combustible gas such as natural gas
or aliquid fuel such as kerosene. The combustor 17 com-
busts the combustion air supplied from the combustion
fan 18 and the combustion fuel supplied from the com-
bustion fuel supply device. As a result, heat and a flue
gas are generated. It should be noted that the generated
heat can be used for heating water. That is, the combus-
tion apparatus 103 may be used as a boiler.

[0210] The upstream end of an exhaust gas passage
77 is connected to the combustor 17, and the down-
stream end of the exhaust gas passage 77 is connected
to the exhaust passage 70. Accordingly, the flue gas gen-
erated by the combustor 17 is discharged to the exhaust
passage 70 through the exhaust gas passage 77. That
is, the flue gas generated by the combustor 17 is dis-
charged to the exhaust passage 70 as an exhaust gas
from the combustion apparatus 103. Then, the flue gas
discharged to the exhaust passage 70 flows through the
exhaust passage 70, and is then discharged to the out-
side of the building 200.

[0211] A hole 19 is formed in a wall of the combustion
apparatus 103 at a suitable position, such that the hole
19 extends through the wall in the thickness direction of
the wall. A pipe forming the exhaust passage 70 and a
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pipe forming the air supply passage 78 (i.e., a double
pipe) are connected to the hole 19. Specifically, the ex-
haust passage 70 branches off into two passages and
the two upstream ends thereof are connected to the hoes
16 and 19, respectively. Similarly, the air supply passage
78 branches off into two passages and the two down-
stream ends thereof are connected to the holes 16 and
19, respectively.

[Operation of Power Generation System]

[0212] Described below is an operation performed by
the power generation system 100 according to Embodi-
ment 3 in a case where the damage detector has detected
damage to the exhaust passage 70 while the combustion
apparatus 103 is operating.

[0213] Fig. 17 is a flowchart schematically showing a
damage detection operation of the power generation sys-
tem according to Embodiment 3.

[0214] As shown in Fig. 17, the controller 102 (to be
exact, the damage determiner of the controller 102) ob-
tains a pressure P in the exhaust passage 70, which is
detected by the pressure detector 21 while the combus-
tion apparatus 103 is operating (step S301). Here, "while
the combustion apparatus 103 is operating" refers to a
period over which the exhaust gas from the combustion
apparatus 103 is discharged to the exhaust passage 70.
In Embodiment 3, "while the combustion apparatus 103
is operating" refers to that at least one of the combustor
17 and the combustion fan 18 is operating. Therefore, a
case where the combustor 17 is not operating but the
combustionfan 18 is operating is included in the definition
of "while the combustion apparatus 103 is operating".
[0215] Next, the controller 102 determines whether the
pressure P obtained in step S301 is higher than a fifth
pressure value P5 (the first pressure) or lower than a
sixth pressure value P6 (the second pressure) which is
lower than the fifth pressure value P5, or neither (step
S302).

[0216] Here, the fifth pressure value P5 may be set in
the following manner: for example, a pressure range in
the exhaust passage 70 when the exhaust gas dis-
charged from the power generation system 100 flows
through the exhaust passage 70 is obtained through an
experiment or the like in advance; and then the highest
pressure in the pressure range may be set as the fifth
pressure value P5. The pressure range detected by the
pressure detector 21 varies depending on the shape
(e.g., the inner diameter and length) of the exhaust pas-
sage 70. Therefore, it is preferred that a pressure range
in the exhaust passage 70 in the supply and exhaust
mechanism 104 with no damage is measured at the time
of installation of the power generation system 100, and
the highest pressure in the measured pressure range is
set as the fifth pressure value P5.

[0217] Similarly, the sixth pressure value P6 may be
set in the following manner: for example, the pressure
range in the exhaust passage 70 when the exhaust gas
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discharged from the power generation system 100 flows
through the exhaust passage 70 is obtained through an
experiment or the like in advance; and then the lowest
pressure in the pressure range may be set as the sixth
pressure value P6. The pressure range detected by the
pressure detector 21 varies depending on the shape
(e.g., the inner diameter and length) of the exhaust pas-
sage 70. Therefore, itis preferred that the pressure range
in the exhaust passage 70 in the supply and exhaust
mechanism 104 with no damage is measured at the time
of installation of the power generation system 100, and
the lowest pressure in the measured pressure range is
set as the sixth pressure value P6.

[0218] Ifthe pressure P obtainedinstep S301 is neither
lower than the sixth pressure value P6 nor higher than
the fifth pressure value P5 (No in step S302), the con-
troller 102 returns to step S301 and repeats step S301
and S302 until the pressure P becomes lower than the
sixth pressure value P6 or higher than the fifth pressure
value P5. On the other hand, if the pressure P obtained
in step S301 is lower than the sixth pressure value P6 or
higher than the fifth pressure value P5 (Yes in S302),
then the controller 102 determines that the exhaust pas-
sage 70 is damaged, and proceeds to step S303.
[0219] In step S303, the controller 102 stops the op-
eration of the combustion apparatus 103. Accordingly,
the discharging of the exhaust gas from the combustion
apparatus 103 to the exhaust passage 70 is stopped,
and a reverse flow of the exhaust gas from the exhaust
passage 70 into the casing 12 is suppressed.

[0220] Next, the controller 102 confirms whether the
fuel cell system 101 is currently stopped (step S304). If
the fuel cell system 101 is operating (No in step S304),
the controller 102 stops the operation of the fuel cell sys-
tem 101 (step S305) and proceeds to step S306, because
if the fuel cell system 101 is operating, the exhaust gas
discharged from the fuel cell system 101 reversely flows
into the casing 12. On the other hand, if the fuel cell sys-
tem 101 is currently stopped (Yes in step S304), the con-
troller 102 proceeds to step S306.

[0221] In step S306, the controller 102 prohibits the
start-up of the power generation system 100. Specifically,
for example, even in a case where a user of the power
generation system 100 has operated a remote controller
which is not shown and thereby a start-up request signal
has been transmitted to the controller 102, or where a
start-up time for the power generation system 100 has
arrived, the controller 102 does not allow the power gen-
eration system 100 to perform a start-up process, thereby
prohibiting the start-up of the power generation system
100. It should be noted that since the start-up of the power
generation system 100 is prohibited, of course the start-
up of the combustion apparatus 103 is also prohibited.
[0222] As described above, in the power generation
system 100 according to Embodiment 3, if the damage
detector detects damage to the exhaust passage 70, the
controller 102 prohibits the power generation system 100
from operating. Accordingly, areverse flow of the exhaust
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gas into the casing 12 is suppressed. As a result, a sit-
uation where the exhaust gas, which is a high-tempera-
ture gas, remains in the casing 12 is suppressed from
occurring, and thereby an increase in the internal tem-
perature of the casing 12 is suppressed. Therefore, a
decrease in the efficiency of accessory devices (such as
the controller 102) accommodated in the casing 12 can
be suppressed, and the durability of the power generation
system 100 can be improved.

[0223] In the power generation system 100 according
to Embodiment 3, the exhaust passage 70 is disposed
inside the building 200. For this reason, if the exhaust
passage 70 and the air supply passage 78 become dam-
aged, there is a risk that the exhaust gas from the power
generation system 100 flows out within the building 200.
However, as described above, in the power generation
system 100 according to Embodiment 3, the operation
of the power generation system 100 is stopped and the
start-up of the power generation system 100 is prohibited,
so that the outflow of the exhaust gas within the building
200 is suppressed. In this manner, an increase in the
internal temperature of the building 200 can be sup-
pressed.

[0224] Meanwhile, if the combustion apparatus 103
does not include a desulfurizer for desulfurizing sulfur
compounds contained in, for example, natural gas, then
SO, is produced when the combustion apparatus 103
performs a combustion operation. Here, when the ex-
haust passage 70 is damaged, the produced SO, flows
reversely from the exhaust passage 70 into the casing
12 through the air supply passage 78, and is then sup-
plied to the cathode of the fuel cell 11. In such a case,
there is arisk that poisoning of the catalystin the cathode
is accelerated.

[0225] Moreover, if the exhaust gas that reversely
flows from the combustion apparatus 103 is supplied to
the combustor 14b, there is arisk that imperfect combus-
tion occurs and CO is produced in the combustor 14b.
Furthermore, if the produced CO flows into the fuel cell
11, there is a risk that the catalyst in the fuel cell 11 de-
grades and the power generation efficiency of the fuel
cell 11 decreases.

[0226] However, in the power generation system 100
according to Embodiment 3, the controller 102 prohibits
the power generation system 100 from operating as de-
scribed above. Accordingly, a reverse flow of the exhaust
gas (containing CO and SO,) from the combustion ap-
paratus 103 intothe casing 12is suppressed, and thereby
the supply of CO and SO, to the fuel cell 11 can be sup-
pressed.

[0227] Therefore, in the power generation system 100
according to Embodiment 3, poisoning of the cathode of
the fuel cell 11 and a decrease in the power generation
efficiency of the fuel cell 11 can be suppressed, and
thereby the durability of the power generation system
100 can be improved.

[0228] In the above description of Embodiment 3, the
controller 102 performs control to stop the combustion
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apparatus 103 and to stop the fuel cell system 101 sep-
arately. However, Embodiment 3 is not limited to this. As
an alternative, the controller 102 may perform control to
stop the combustion apparatus 103 and the fuel cell sys-
tem 101 at one time as stopping of the power generation
system 100 in a manner similar to Embodiment 1 and
Embodiment 2 (including their variations).

[Variation 1]

[0229] Next, variations of the power generation system
100 according to Embodiment 3 are described.

[0230] A power generation system according to Vari-
ation 1 of Embodiment 3 serves as an example where
the power generation system further includes: a combus-
tion apparatus disposed outside the casing; and a ven-
tilator configured to ventilate an interior of the casing by
discharging air in the interior of the casing to the exhaust
passage. The damage detector is configured as a gas
concentration detector detecting at least one gas con-
centration between a carbon monoxide concentration
and a carbon dioxide concentration. The controller:
stores, as a reference gas concentration, a gas concen-
tration that is obtained by adding a predetermined con-
centration to a gas concentration detected by the gas
concentration detector when the fuel cell system is not
generating electric power, the combustor and the com-
bustion apparatus are not performing combustion, and
the ventilator is operating; and determines that the ex-
haust passage is damaged if the gas concentration de-
tector detects a gas concentration that is out of a con-
centration range of the reference gas concentration.

[Configuration of Power Generation System]

[0231] Fig. 18 is a schematic diagram showing a sche-
matic structure of the power generation system according
to Variation 1 of Embodiment 3.

[0232] As shown in Fig. 18, the fundamental configu-
ration of the power generation system 100 according to
Variation 1 is the same as that of the power generation
system 100 according to Embodiment 3. However, the
power generation system 100 according to Variation 1 is
different from the power generation system 100 accord-
ing to Embodiment 3 in that, in the power generation sys-
tem 100 according to Variation 1, the carbon monoxide
concentration detector (gas concentration detector) 25
instead of the pressure detector 21 is provided at the air
supply passage 78. It should be noted that the carbon
monoxide concentration detector 25 may be configured
in any form, so long as the carbon monoxide concentra-
tion detector 25 is configured to detect a carbon monox-
ide concentration in the air supply passage 78. A device
used as the carbon monoxide concentration detector 25
is not particularly limited.

[0233] Although in Variation 1 the carbon monoxide
concentration detector 25 is disposed in the air supply
passage 78, Variation 1 is not limited to this. Alternatively,
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the detector’s sensor part may be disposed inside the air
supply passage 78 and the other parts of the detector
may be disposed outside the air supply passage 78. Fur-
ther alternatively, the carbon monoxide concentration de-
tector 25 may be disposed in the exhaust passage 70 or
in the casing 12.

[Operation of Power Generation System]

[0234] As previously described in Variation 2 of Em-
bodiment 2, carbon monoxide is produced when the ex-
haust passage 70 is damaged. Therefore, in Variation 1
of Embodiment 3, the controller 102 detects a carbon
monoxide concentration (substantially 0) in the air supply
passage 78 in a state where no carbon monoxide is being
produced; stores, as a reference gas concentration, a
value obtained by adding a predetermined concentration
to the detected concentration; and the controller 102 de-
termines that the exhaust passage 70 is damaged if the
carbon monoxide concentration detector 25 detects a
carbon monoxide concentration that is out of the range
of the reference gas concentration. Hereinafter, a dam-
age detection operation by means of the carbon monox-
ide concentration detector 25 is described with reference
to Fig. 19.

[0235] Fig. 19is aflowchart schematically showing the
damage detection operation of the power generation sys-
tem according to Variation 1 of Embodiment 3.

[0236] As shown in Fig. 19, the controller 102 (to be
exact, the damage determiner of the controller 102) de-
termines whether the current state is as follows: the fuel
cell system 101 is not generating electric power; the com-
bustor 14b and the combustion apparatus 103 are not
performing combustion; and the ventilation fan 13 is op-
erating (step S401). If the fuel cell system 101 is not gen-
erating electric power, the combustor 14b and the com-
bustion apparatus 103 are not performing combustion,
and the ventilation fan 13 is operating, then the controller
102 proceeds to step S402. In other cases, the controller
102 repeats step S401.

[0237] It should be noted that if the fuel cell system
101 is not generating electric power, the combustor 14b
and the combustion apparatus 103 are not performing
combustion, and the ventilation fan 13 is not operating,
then the controller 102 may start the ventilation fan 13 to
satisfy the requirements in step S401.

[0238] In step S402, the controller 102 obtains a car-
bon monoxide concentration Cy from the carbon monox-
ide concentration detector 25. Next, the controller 102
adds a predetermined concentration to the carbon mon-
oxide concentration Cj obtained in step S402 to calculate
a reference CO concentration (the reference gas con-
centration), and stores the reference CO concentration
in its storage unit which is not shown in Fig. 18 (step
S403).

[0239] It should be noted that the predetermined con-
centration varies depending on the carbon monoxide
concentration detection accuracy of the carbon monox-
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ide concentration detector to be used. Therefore, it is
preferred that the value of the predetermined concentra-
tion is set in accordance with the carbon monoxide con-
centration detector to be used, and that the value is set
within a range that does not cause erroneous detection.
For example, in a case where the carbon monoxide con-
centration detector to be used is configured to detect car-
bon monoxide in a range from several ppm to several
hundred ppm, it is preferred that the predetermined con-
centration is set to be close to the lowest detectable con-
centration. Alternatively, the predetermined concentra-
tion may be 1000 ppm.

[0240] Next, the controller 102 obtains a carbon mon-
oxide concentration C from the carbon monoxide con-
centration detector 25 when, for example, the fuel cell
system 101 is generating electric power and/or the com-
bustion apparatus 103 is operating (step S404), and de-
termines whether the obtained carbon monoxide concen-
tration C is out of the range of the reference CO concen-
tration (to be more specific, whether the obtained carbon
monoxide concentration C is higher than the reference
CO concentration) (step S405).

[0241] If the carbon monoxide concentration C ob-
tained in step S404 is within the range of the reference
CO concentration (to be more specific, if the carbon mon-
oxide concentration C obtained in step S404 is lower than
or equal to the reference CO concentration) (No in step
S405), the controller 102 repeats step S404 and step
S405 until the carbon monoxide concentration C ob-
tained in step S404 becomes out of the range of the ref-
erence CO concentration. On the other hand, if the car-
bon monoxide concentration C obtained in step S404 is
out of the range of the reference CO concentration (Yes
in step S405), the controller 102 proceeds to step S406.
[0242] In step S406, the controller 102 stops the op-
eration of the power generation system 100. Next, the
controller 102 prohibits the start-up of the power gener-
ation system 100 (step S407). Specifically, for example,
even in a case where a user of the power generation
system 100 has operated a remote controller which is
notshown and thereby a start-up request signal has been
transmitted to the controller 102, or where a start-up time
for the power generation system 100 has arrived, the
controller 102 does not allow the power generation sys-
tem 100 to perform a start-up process, thereby prohibiting
the start-up of the power generation system 100. It should
be noted that since the start-up of the power generation
system 100 is prohibited, of course the start-up of the
combustion apparatus 103 is also prohibited.

[0243] The power generation system 100 according to
Variation 1 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
3.

[0244] Although the power generation system 100 ac-
cording to Variation 1 includes the carbon monoxide con-
centration detector 25 as a damage detector, Variation
1is not limited to this. For example, the power generation
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system 100 according to Variation 1 may include the car-
bon dioxide concentration detector 26 as a damage de-
tector.

[Variation 2]

[0245] A power generation system according to Vari-
ation 2 of Embodiment 3 serves as an example where
the power generation system further includes: a combus-
tion apparatus disposed outside the casing; and a ven-
tilator configured to ventilate an interior of the casing by
discharging air in the interior of the casing to the exhaust
passage. The damage detector is configured as an oxy-
gen concentration detector. The controller: stores, as a
reference oxygen concentration, an oxygen concentra-
tion that is obtained by subtracting a predetermined con-
centration from an oxygen concentration detected by the
oxygen concentration detector when the fuel cell system
is not generating electric power, the combustor and the
combustion apparatus are not performing combustion,
and the ventilator is operating; and determines that the
exhaust passage is damaged if the oxygen concentration
detector detects an oxygen concentration that is out of a
concentration range of the reference oxygen concentra-
tion.

[Configuration of Power Generation System]

[0246] Fig. 20 is a schematic diagram showing a sche-
matic configuration of the power generation system ac-
cording to Variation 2 of Embodiment 3.

[0247] As shown in Fig. 20, the fundamental configu-
ration of the power generation system 100 according to
Variation 2 is the same as that of the power generation
system 100 according to Embodiment 3. However, the
power generation system 100 according to Variation 2 is
different from the power generation system 100 accord-
ing to Embodiment 3 in that, in the power generation sys-
tem 100 according to Variation 2, the oxygen concentra-
tion detector (gas concentration detector) 22 instead of
the pressure detector 21 is provided at the air supply
passage 78. It should be noted that the oxygen concen-
tration detector 22 may be configured in any form, so
long as the oxygen concentration detector 22 is config-
ured to detect an oxygen concentration in the air supply
passage 78. A device used as the oxygen concentration
detector 22 is not particularly limited.

[0248] Although in Variation 2 the oxygen concentra-
tion detector 22 is disposed in the air supply passage 78,
Variation 2 is not limited to this. Alternatively, the detec-
tor’s sensor part may be disposed inside the air supply
passage 78 and the other parts of the detector may be
disposed outside the air supply passages 78. Further al-
ternatively, the oxygen concentration detector 22 may be
disposed in the exhaust passage 70 or in the casing 12.
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[Operation of Power Generation System]

[0249] As previously described in Variation 1 of Em-
bodiment 2, the oxygen concentration in the exhaust pas-
sage 70 changes when the exhaust passage 70 becomes
damaged, and the oxygen concentration when the ex-
haust passage 70 is in such a damaged state conse-
quently becomes out of the oxygen concentration range
of the exhaust passage 70 in a non-damaged state.
[0250] Therefore, in Variation 2, the controller 102 de-
tects an oxygen concentration in the air supply passage
78 when the exhaust passage 70 is in a non-damaged
state; stores, as a reference oxygen concentration (the
reference gas concentration), a value obtained by sub-
tracting a predetermined concentration from the detected
concentration; and the controller 102 determines that the
exhaust passage 70 is damaged if the oxygen concen-
tration detector 22 detects an oxygen concentration that
is out of the range of the reference oxygen concentration.
Hereinafter, a damage detection operation by means of
the oxygen concentration detector 22 is described with
reference to Fig. 21.

[0251] Fig. 21 is aflowchart schematically showing the
damage detection operation of the power generation sys-
tem according to Variation 2 of Embodiment 3.

[0252] As shown in Fig. 21, the controller 102 (to be
exact, the damage determiner of the controller 102) de-
termines whether the current state is as follows: the fuel
cell system 101 is not generating electric power; the com-
bustor 14b and the combustion apparatus 103 are not
performing combustion; and the ventilation fan 13 is op-
erating (step S501). If the fuel cell system 101 is not gen-
erating electric power, the combustor 14b and the com-
bustion apparatus 103 are not performing combustion,
and the ventilation fan 13 is operating, then the controller
102 proceeds to step S502. In other cases, the controller
102 repeats step S501.

[0253] It should be noted that if the fuel cell system
101 is not generating electric power, the combustor 14b
and the combustion apparatus 103 are not performing
combustion, and the ventilation fan 13 is not operating,
then the controller 102 may start the ventilation fan 13 to
satisfy the requirements in step S501.

[0254] In step S502, the controller 102 obtains an ox-
ygen concentration C, from the oxygen concentration
detector 22. Next, the controller 102 subtracts a prede-
termined concentration from the oxygen concentration
C, obtained in step S502 to calculate a reference oxygen
concentration (the reference gas concentration), and
stores the reference oxygen concentration in its storage
unit which is not shown in Fig. 20 (step S503).

[0255] It should be noted that the predetermined con-
centration varies depending on the oxygen concentration
detection accuracy of the oxygen concentration detector
to be used. Therefore, it is preferred that the value of the
predetermined concentration is set in accordance with
the oxygen concentration detector to be used, and that
the value is set within a range that does not cause erro-
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neous detection. For example, in a case where the ac-
curacy of the oxygen concentration detector is 0.5 %,
then the predetermined concentration may be setto 1 %.
[0256] Next, the controller 102 obtains an oxygen con-
centration C from the oxygen concentration detector 22
when, for example, the fuel cell system 101 is generating
electric power and/or the combustion apparatus 103 is
operating (step S504), and determines whether the ob-
tained oxygen concentration C is out of the range of the
reference oxygen concentration (step S505).

[0257] If the oxygen concentration C obtained in step
S504 is within the range of the reference oxygen con-
centration (No in step S505), the controller 102 repeats
step S504 and step S505 until the oxygen concentration
C obtained in step S504 becomes out of the range of the
reference oxygen concentration. On the other hand, if
the oxygen concentration C obtained in step S504 is out
of the range of the reference oxygen concentration (Yes
in step S505), the controller 102 proceeds to step S506.
[0258] In step S506, the controller 102 stops the op-
eration of the power generation system 100. Next, the
controller 102 prohibits the start-up of the power gener-
ation system 100 (step S507). Specifically, for example,
even in a case where a user of the power generation
system 100 has operated a remote controller which is
notshown and thereby a start-up request signal has been
transmitted to the controller 102, or where a start-up time
for the power generation system 100 has arrived, the
controller 102 does not allow the power generation sys-
tem 100 to perform a start-up process, thereby prohibiting
the start-up of the power generation system 100. It should
be noted that since the start-up of the power generation
system 100 is prohibited, of course the start-up of the
combustion apparatus 103 is also prohibited.

[0259] The power generation system 100 according to
Variation 2 with the above-described configuration pro-
vides the same operational advantages as those of the
power generation system 100 according to Embodiment
3.

[0260] From the foregoing description, numerous
modifications and other embodiments of the present in-
vention are obvious to one skilled in the art. Therefore,
the foregoing description should be interpreted only as
an example and is provided for the purpose of teaching
the best made for carrying out the present invention to
one skilled in the art. The structures and/or functional
details may be substantially altered without departing
from the spirit of the presentinvention. In addition, various
inventions can be made by suitable combinations of a
plurality of components disclosed in the above embodi-
ments.

Industrial Applicability

[0261] The power generation system and its operation
method according to the present invention are useful in
the field of fuel cells since the system and operation meth-
od are capable of suppressing, when the exhaust pas-
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sage is damaged, an increase in the internal temperature
of the casing and a decrease in the efficiency of acces-
sory devices accommodated in the casing.

Reference Signs List

[0262]
11 fuel cell
11 A fuel gas passage

11 B  oxidizing gas passage

12 casing

13 ventilation fan

14 fuel gas supply device (hydrogen generation ap-
paratus)

14a reformer

14b combustor

14c combustion fan

15 oxidizing gas supply device

16 air inlet

17 combustor

18 combustion fan

19 air inlet

21 pressure detector

22 oxygen concentration detector

23 temperature detector

24 combustible gas detector

70 exhaust passage

71 fuel gas supply passage

72 oxidizing gas supply passage

73 off fuel gas passage

74 off oxidizing gas passage

75 ventilation passage

76 combustion air feed passage

77 exhaust gas passage

78 air supply passage

79 air feed passage

80 flue gas passage

100 power generation system

101 fuel cell system

102 controller

103 combustion apparatus

104 supply and exhaust mechanism

200 building

Claims

1. A power generation system comprising a fuel cell

system including a fuel cell configured to generate
electric power by using a fuel gas and an oxidizing
gas, the power generation system further compris-

ing:

a casing accommodating the fuel cell;

a supply and exhaust mechanism including an
exhaust passage configured to discharge an ex-
haust gas from the power generation system to
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outside of the casing, and an air supply passage
configured to supply air to the power generation
system;

a damage detector, provided in at least one of
the supply and exhaust mechanism and the cas-
ing, configured to detect damage to the exhaust
passage; and

a controller, wherein

if the controller detects damage to the exhaust
passage based on information obtained from the
damage detector, the controller performs control
to stop operation of the power generation sys-
tem.

The power generation system according to claim 1,
wherein the damage detector detects presence of at
least one of the following phenomena: a change in
pressure; a change in temperature; a change in gas
composition; and detection of a combustible gas.

The power generation system according to claim 1
or claim 2, wherein

the fuel cell system further includes a hydrogen gen-
eration apparatus including: a reformer configured
to generate a hydrogen-containing fuel gas from a
raw material and water; and a combustor configured
to heat the reformer.

The power generation system according to any one
of claims 1 to 3, wherein if the controller detects dam-
age to the exhaust passage because the fuel cell
system is in operation, the controller stops the oper-
ation of the fuel cell system.

The power generation system according to any one
of claims 1 to 4, further comprising a combustion
apparatus disposed outside the casing, wherein
the exhaust passage branches off into at least two
passages such that upstream ends thereof are con-
nected to the combustion apparatus and the fuel cell
system, respectively.

The power generation system according to claim 5,
wherein if the controller detects damage to the ex-
haust passage because the combustion apparatus
is in operation, the controller stops the operation of
the combustion apparatus.

The power generation system according to any one
of claims 1 to 6, wherein

the damage detector is configured as an oxygen con-
centration detector, and

the controller determines that the exhaust passage
is damaged either:

in a case where the oxygen concentration de-
tectoris provided in the casing or at the air supply
passage and an oxygen concentration detected
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by the oxygen concentration detector is lower
than a preset first oxygen concentration; or

in a case where the oxygen concentration de-
tector is provided at the exhaust passage and
an oxygen concentration detected by the oxy-
gen concentration detectoris lowerthan a preset
second oxygen concentration, and in a case
where the oxygen concentration detector is pro-
vided at the exhaust passage and an oxygen
concentration detected by the oxygen concen-
tration detector is higher than a third oxygen con-
centration which is higher than the second oxy-
gen concentration.

The power generation system according to any one
of claims 1 to 7, wherein

the damage detector is configured as a carbon diox-
ide concentration detector, and

the controller determines that the exhaust passage
is damaged either:

in a case where the carbon dioxide concentra-
tion detector is provided in the casing or at the
air supply passage and a carbon dioxide con-
centration detected by the carbon dioxide con-
centration detector is higher than a preset first
carbon dioxide concentration; or

in a case where the carbon dioxide concentra-
tion detector is provided at the exhaust passage
and a carbon dioxide concentration detected by
the carbon dioxide concentration detector is low-
er than a preset second carbon dioxide concen-
tration, and in a case where the carbon dioxide
concentration detector is provided at the ex-
haust passage and a carbon dioxide concentra-
tion detected by the carbon dioxide concentra-
tion detectoris higher than a third carbon dioxide
concentration which is higher than the second
carbon dioxide concentration.

The power generation system according to any one
of claims 1 to 8, wherein

the damage detector is configured as a carbon mon-
oxide concentration detector, and

the controller determines that the exhaust passage
is damaged if a carbon monoxide concentration de-
tected by the carbon monoxide concentration detec-
tor is higher than or equal to a preset first carbon
monoxide concentration.

The power generation system according to claim 3
or claim 4, further comprising:

a combustion apparatus disposed outside the
casing; and

a ventilator configured to ventilate an interior of
the casing by discharging air in the interior of
the casing to the exhaust passage, wherein
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the damage detector is configured as a gas con-
centration detector detecting at least one gas
concentration between a carbon monoxide con-
centration and a carbon dioxide concentration,
and

the controller:

stores, as a reference gas concentration, a
gas concentration thatis obtained by adding
a predetermined concentration to a gas
concentration detected by the gas concen-
tration detector when the fuel cell system is
not generating electric power, the combus-
tor and the combustion apparatus are not
performing combustion, and the ventilator
is operating; and

determines that the exhaust passage is
damaged if the gas concentration detector
detects a gas concentration that is out of a
concentration range of the reference gas
concentration.

11. The power generation system according to claim 3

or claim 4, further comprising:

a combustion apparatus disposed outside the
casing; and

a ventilator configured to ventilate an interior of
the casing by discharging air in the interior of
the casing to the exhaust passage, wherein
the damage detector is configured as an oxygen
concentration detector, and

the controller:

stores, as a reference oxygen concentra-
tion, an oxygen concentration that is ob-
tained by subtracting a predetermined con-
centration from an oxygen concentration
detected by the oxygen concentration de-
tector when the fuel cell system is not gen-
erating electric power, the combustor and
the combustion apparatus are not perform-
ing combustion, and the ventilator is oper-
ating; and

determines that the exhaust passage is
damaged if the oxygen concentration de-
tector detects an oxygen concentration that
is out of a concentration range of the refer-
ence oxygen concentration.

12. The power generation system according to any one

of claims 1 to 11, wherein

adownstream end of the air supply passage is either
connected to an air inlet of the casing or open to an
interior of the casing, and

the damage detector is provided near the down-
stream end of the air supply passage.
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The power generation system according to any one
of claims 3 to 12, wherein
the hydrogen generation apparatus further includes:

a combustion air feed passage whose upstream
end is open to an interior of the casing and po-
sitioned near a downstream end of the air supply
passage and whose downstream end is con-
nected to the combustor; and

a combustion air feeder provided at the combus-
tion air feed passage, and

the damage detector is provided at the combustion
air feed passage.

The power generation system according to any one
of claims 1 to 13, wherein

the damage detector is configured as a temperature
detector, and

the controller determines that the exhaust passage
is damaged if a temperature detected by the tem-
perature detector is higher than a preset first tem-
perature or lower than a second temperature which
is lower than the first temperature.

The power generation system according to any one
of claims 1 to 14, wherein

the damage detector is configured as a pressure de-
tector provided in atleastone of the exhaust passage
and the air supply passage, and

the controller determines that the exhaust passage
is damaged if the pressure detector detects a pres-
sure higher than a preset first pressure or detects a
pressure lower than a second pressure which is low-
er than the first pressure.

The power generation system according to any one
of claims 1 to 15, wherein

the controller performs control to stop the operation
of the power generation system and to prohibit start-
up of the power generation system.

The power generation system according to any one
of claims 1 to 16, wherein
the air supply passage is formed in such a manner
that the air supply passage is heat exchangeable
with the exhaust passage.

A method of operating a power generation system
including a fuel cell system including a fuel cell con-
figured to generate electric power by using a fuel gas
and an oxidizing gas, the power generation system
further including:

a casing accommodating the fuel cell;

a supply and exhaust mechanism including an
exhaust passage configured to discharge an ex-
haust gas from the power generation system to
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outside of the casing, and an air supply passage
configured to supply air to the power generation
system;

a damage detector, provided in at least one of
the supply and exhaust mechanism and the cas-
ing, configured to detect damage to the exhaust
passage; and

a controller, wherein

if the controller detects damage to the exhaust
passage based on information obtained from the
damage detector, the controller performs control
to stop operation of the power generation sys-
tem.
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